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PREFACE. 


Under instructions from the Superintendent of the Geo- 
logical Survey of India, I arrived in the Punjab in the cold 
weather of 1869-70, and commenced the examination of the 
Salt Range Moun tains . During the next season and part of 
the one which followed I was entirely occupied with this work. 
The fossil collections which I had from time to time for-, 
warded td head-quarters ultimately-suggested a palaeontologi- 
cal examination of the strata in the field, and Dr. "W. Waagen, 
then on the staff of the Geological Survey, was deputed to 
carry this out. He reached the Salt Range after the whole 
of the region had been mapped, and after its various geolo- 
gical groups had been arranged, according to their generally 
well-marked petrological features. I accompanied him, and 
we visited together several of the instructive sections. After 
this, he, by himself, devoted many weeks to a close reconnais- 
sance of the Range, noting various sections in detail, largely 
increasing the fossil collections, and observing the demarca- 
tion of the groups indicated by these fossils. 

This examination caused no alteration in the boundary 
lines which I had drawn, nor in the general arrangement of 
the groups, but it enabled the geological positions of cer- 
tain highly fossilif erous formations, such as the triaasic and 
jurassic, and the upper limits of the carboniferous, to be more 
definitely established. It led to Dr. Waagen’s discovery of 
(unique) carboniferous ammonites, and to his suggestion 
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that one of the groups in the eastern part of the Bange, con- 
taining many ill-preserved shells, as also some doubtful beds 
below the nummulitio, might be cretaceous ; while another 
unfossiliferous group was thought by him to be possibly 
triassic. About the probable places of one or two other un- 
fossiliferous groups he expressed doubt. 

Shortly before making the first draft of the present Me- 
moir, I had had the advantage of frequent discussions upon 
the local geology with Dr. Waagen, who further gave me 
Borne field notes detailing certain sections which he had 
visited after I left him. I have, in several instances, used 
these notes in preference to my own, because they are more 
detailed, and because they possess the advantage tl$t the 
most characteristic and abundant fossils have been identified 
by a competent palaeontologist. 

At one time it was intended to have made this Salt Bange 
Memoir a joint production by Dr. Waagen and myself, and 
to have added a description of the palaeontology and a com- 
parison between the geology and that of some European re- 
gions, together with plates and figures to illustrate both the 
geology and palaeontology of the district ; but Dr Waagen’s 
laftburs upon the fossil Cephalopoda of Each, followed by his 
long absence on sick-leave, prevented the design, of which he 
would have written the palaeontological portion, from being 
carried out. His early retirement from the Survey in ill- 
health before he could work out the Salt Bange collections 
or contribute towards the manuscript of a joint report, be- 
yond what will be acknowledged in the following pages, and 
a few marginal notes on my preliminary report, has left to 
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me the rather ‘difficult task of re-casting qlone matter in- 
tended for a joint publication. 

* * The originality of this Meihoir will, in one aspect, he 
necessarily limited, when the long list of previous writers 
upon the geology of the Salt Barge is considered. That the 
Range contained carboniferous, jurassic, or oolitic, possibly 
triassic, eocene, and perhaps miocene, formations, has long 
been known from former publications; but the addition to 
these of an ascertained Silurian zone above the salt, and a 
new arrangement of all of its groups, have, resulted from the 
operations of the Geological Survey. 

The bulk of the following report has lain for some yean 
in manuscript awaiting publication. This has been post- 
poned for various reasons, the chief of which I have men- 
tioned. The extensive fossil collections from the district, 
when I last saw them, had been but partially prepared for 
examination, and though I can only give such provisional 
identifications as were afforded by our lamented colleague 
Dr. Stoliczka and by Dr. Waagen, it is satisfactory to know 
that the palaeozoic and secondary fossils have been forwarded 
lately to Dr. Waagen himself for description. 

In preparing this Memoir for publication, I have to tTumir 
Mr. W. T. Blanford for much assistance in reading the 
proofs ; and whatever success has attended the reproduction 
of my landscape illustrations is largely due to their treat- 
ment by Mr. Schaumburg, the Artist of the Survey. 

A. B. WYNNE. 

Camp Hazara, 

November 1377. 
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On the Geology of the Salt Bangs in the PunjIb, ly A. B. 
Wynns, F.G.S., Geological Survey of India . 

CHAPTER I. 


INTRODUCTORY. 

The Salt Range has long been known as one of the most interesting 
The Its im- important regions in British India, its geolo- 


gical interest being enhanced by its highly fossili- 
ferous rocks, and its importance chiefly derived from the enormous 
deposits of rock-salt which it contains. 


Its mineral wealth,* doubtless, early prompted the acquisition of 
Early acquaintance ^formation concerning it, and years before the 
with its importance, conquest of the Punj&b by the British Govern- 
ment, while the eventful campaign in Afghanistan was taking place, 
British officers penetrated the wild countries then upon our frontier, not 
always without risk of life and armed hostility; and returned to report, 
amongst other things, upon the geology of the district under notice. 


• The Government receipts from the Cis-Indas Salt Mines for the years 1867 to 1871 
(excluding KAlfrbdgh) exceeded £1,474,540 (Rept., Inland Customs, official ye&f 1670-71, 
p. 14). “The average yearly revenue from the whole department of the Salt Benge for 
the last five years was £882,658 " (MS. letter from H. Wright, Esq., Collector, Shabpfir, July 
29,^872). The rate at which the salt is sold is Be, 8-1 per msond, or 6#.1R (at par) 
for 188 lbs. 

Memoirs of the geological Survey of Ihdia, Voi. XIV, Art. 1. 
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Since then much has been learned on this subject ; bat it was not 
Geological examina- ^ a *® w y ears s * nce that circumstances enabled 
t * oa * detailed examination to be made by the Geological 

Survey. The examination of the rocks was supplemented by an investi- 
gation of the fossil-bearing strata in the field by Dr. W. Waagen. 


In carrying on the examination of the ground, I had the advantage 
of using one of the best published maps of any part 

Map HB6Q. ^ # 

of India — one, indeed, rivalling those produced by 
Government in Great Britain — that of the Jhelum, Sh&hpur, and Leia 
tracts, constructed by Captain D. G. Robinson, R.E., with his assistants, 
and published on the scale of one inch to a mile. This scale is sufficiently 
large to permit an effective representation of the salient features of the 
ground ; but the value of the map in this respect is somewhat impaired 
by the quantity and manner of the hill shading, which frequently 
exaggerates the depth of the smaller stream valleys. Yet the features, 
are often so faithfully delineated that the stratigraphical structure of 
the ground (or consequences depending thereon) can be discerned by 
the “ ornament” upon the sheets. 


Geographical position. 


Geographically, the Salt Range* is situated in historic ground, 
one extremity resting upon the ancient Hydaspes 
or Jhelum river, the other on the Indus or Aba-sin 
(Father of waters), and its eastern extension overlooks the battle-field 
of Chilianwala,t marked by a memorial obelisk built of materials taken 
from the range. It extends from near 71° 30' east longitude to beyond 
73° 30', and the Cis-Indus portion of it lies wholly between the parallels 
of 33° £3* and 33° of north latitude, forming part of the Kohisiaii or 
upland of the “ Sind-Saugor Doab.” 

Its connection with the outer Himalayan hills is completely broken 
Rektioc with the through by. the Jhelum valley, and its eastern 
portion is divided into three nearly parallel spun 


outer Himalaya. 


• Or " Jood mountains.” Barnes, Jour. As. boo. Bengal, Vul. 1* 
f Fought January 18th, 1849. 

( 2 ) 
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— the Bakrfila or Diljaba ridge, that of which Mount iogi Tilla forms 
the summit, and the Pubbi or Kh&ri&n hills south of the Jhelum. The 
latter/ indeed, hardly belong to the Salt Range proper, being separated 
from it by the valley of this river, but form a small independent anticlinal 
chain aligning itself more with the Salt Range than the outer Himalaya. 


Situation, length, &c. 


The Salt Range proper lies entirely Cis-Indus, forming a somewhat 
elevated border to the Rawal Pindi plateau (lying 
to the north), and throughout its whole length of 
about 152 miles presents its steep declivities and lofty escarpment cliffs 
towards the vast plains and deserts which spread from its foot through 
Sind to the sea near Kurrachee. 


It appears to have been the fashion to speak of the Salt Range 

Not continuous with of the Punj&b as extending across the Indus 
Trans- Indus salt-field. through the Trans-Indus salt region and up to 

the Sufld Koh in Afghanistan — an error adopted from some of the 
earliest writers on the neighbouring countries. Both geographically 
and geologically, the continuation of the Salt Range westward manifestly 
lies to the south of the Trans-Indus salt region, the salt of which 
is believed to be of entirely different age and position from that of the 
Salt Range proper.* 


Contributions to the geological literature of the Salt Range have 
Previous Observers’ been so numerous in various forms, chiefly as 
publications, &c. reports to Government or papers to societies, 

and some of these have been so copious, that extended notice of each 
would exceed the space which can be fairly devoted to them here.f 


The past sixty-one years have witnessed the appearance of about 
forty-two papers or records concerning this subject, and others may have 
escaped observation. To those to which access could be obtained notice 


4 Vol. 


• See Memoir on the Trans-Indua Salt Region, Memoirs Geological Survey, India, 
XI, pt. S, P. as. 

f See list of reference* appended to preface. 


( » ) 
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w due, however meagre, because the accuracy of some contrasts very 
favourably with the generality of early writings upon Indian Geology, 
while the views put forward in many others cannot be considered 
^established. 

In briefly alluding to these writings, parts having special reference 
to the geology of the Salt Range or connection with it will demand 
attention. 

The earliest publication in which I have found any mention of 
Elphinstone, 1808 — " Salt Range " is “ Elphinstone's Caubul.” * 

1816, He speaks of a branch of the Sufdd Koh, “ which 

may be called the Salt Range," as shooting out from the Suf£d Koh 
and extending in a south-easterly direction by the south of “ Teeree” 
to “ Callabaugh" (Kdldbdgh), where it crosses the Indus, stretches across 
part of the Punj&b and ends at “ Jellaulpoor,” on the right bank of the 
Hydaspes, becoming lower as it gets further from the mountains <5f 
“ Salimaun ” He says it abounds in salt, which is dug out in various 
forms at different places. 

In the days when Elphinstone travelled as a British Envoy to the 
Court of Caubul (K&bul), the whole of the Punjab and Kashmir weie 
included in the Afghan dominions, and the country was so little known 
that it can be understood how he might have been mistaken as to the 
continuity of this range. It would appear from the quotation above that 
the Salt Range owes its present name to this traveller. 

The author describes “ Callabaught or Karrabaugb,” s. e. a Kdl£b&gh, 
with its narrow road cut through solid salt rock, hard, clear, and almost 
pure, but in some parts tinged and streaked with red— -a colour prevailing 

• Account of the Kingdom of Cental and its Dependencies, by the Hon'ble If onntstnert 
fbw a ( p. 108. London, 1815. 

f The author, adopting the method of spelling the names of places with appropriate 
English letters, had some slight difficulty to Contend with ; yet any one familiar with the 
satire pronunciation of several of the names he uses will observe how faithfully, as he 
writes them, they convey the sounds which these words have in Upper India, os at least 
the Upper Punjib. * 

( * ) 
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in the soil of the place. Salt io large blocks like ‘quarried stones was • 
lying (ae it does often still) piled at the entranoe of the Ldn Nala,* 
'ready for exportation to India or “ Khorassaun." 

Another early record appears as an abstract of Lieutenant Barnes’ 
Lieutenant a. Bone*, (afterwards Sir A. Barnes’) paper on the geology 
1881 - 82 — 1888 . 0 f banks of the Indus, &c f He describes the ^ 

salt as being found in “ layers of about a foot in thickness, separated 
from each other by thin strata of clay/ 4 referring no doubt to the 
laminated structure of the salt, and perhaps mistaking the darker coloured 
lines for earthy layers. He found what he supposed to be bituminous coal 
at Koh&t, and stated that the Salt Range “ extended across the Indus 
into that district/ 1 supporting an often-repeated error. The abstract 
seems much condensed, and but little is said of the Salt Range proper. 

In another paper by the same author} the locality of the range as the 
Lieutenant A. Burnes, southern limit of a plateau between the river Indus 
1832 - and the Hydaspes is correctly given, as is also the 

general elevation, but this ib followed by a statement that the formation 
is " sandstone occurring in vertical strata.” The desolate aspect of 
the hills, the hot springs, alum, galena, and sulphur, are mentioned, as 
well as a red clay in the valleys, indicating salt, which is found at intervals 
throughout the range. s 

A description of the “ Keoru 44 (Kheura) mines follows. Gunpowder 
was not used lest the roof should fall in, accidents of the kind occurring 
even then. The miners received a rupee for 20 maunds of salt raised, 
and i\B selling price waB Rs. 2 per maund exclusive of duties. The 
profit iB stated to amount to about 1,100 per cent., and from it Runjit 
Singh hoped to derive a revenue of 16 lakhs of rupees. The mode of 

• Colled by Jameson the Gossai Nala. 

t A Memoir on the Geology of the banka of the Indue, the Indian Caucasus, and the 
plains of Tartary to the shares of the Caspian, by Lieutenant A. Burns* Proc. Geological 
Society, London, VoL II, p. 8. 

t "Some account of the Salt Hines of the Punjtb,” by Lieutenant 8. [A.] Bone* 
Bombay Army, Journal of the Asiatic Society, Bengal, Yob I, p. 148, Ac. 
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extraction was by sledge-hammer and pickaxe, and from near the surface 
blocks of 4 maunds each were raised. The salt is said to have held a 
high place throughout India with native practitioners on account of its 
medicinal virtues, but it is stated to have been impure, having a consi- 
derable mixture, probably of magnesia, which rendered it unfit for curing 
meat. The Punjabis ascribed to its effects the prevalence of nazla, a 
disease said to consist of a running at the nostrils. 

In those days the salt was not exported west of the Indus. The 
antiquity of the mines was unknown, and they are said not to have 
been mentioned by the inquiring Baber in his Commentaries, though they 
had been used by the Emperors of Hindust&n. 

In the course of a tour through the Upper Panjab and Afghanis- 

Agfa. Abfau of Shiraz, tin made h 7 one A & ha AbbaB ( at tbe ®ugSesti<m 

1887. of Major R. Leech, by whom the story of his 

travels was translated*), this person mentions having seen 500,000 
mannria of salt covered with mud, as a protection from the rain, 
at Pind-Dadun-Khan. Several of the mines were then closed, including 
those at 44 Sardee” (Sardi), “ Noelawan” (Nila wan), 44 Dura^lS/' and 
“ Chotana” (Jut£n&), and the latter was said to contain veins of copper 
and lead. Others, as at 44 Korah” (Kheura) and Makraj, were open. 
From his description these mines appear to have been very irregularly 
worked, lighted by openings at top, and dangerous from falls of the 
roof, one of which he witnessed. Blocks were cut by digging round 
two sides and below with picks, then detaching from above by heavy 
blows. The mines of Nilawan and Khur Chotata were the finest. 

The cost of carriage from the mines to Pind-Dadun-Khan was one 
rupee for 20 maunds of salt, and the selling rate, by the Government of 
Maharaja Golab Sing, was to some merchants one and a half, to others 
two rupees. Formerly, the mines produced four lakhs of rupees ; after 
the visit of Captain Wadef they yielded from eight to nine, afterwards 

• Journal of the Asiatic Society, Bengal, Vol. XII, p. 604. 1848. ' 
t Afterwards Sir Claude Martins Wade, Vigne’s Kabul, p. 2, 

( « ) 
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from twelve to fourteen lakhs, then fourteen lakhs, at which figure Agha 
Abbas found the revenue in the time of Oolab Sing, though twenty- 
five lakhs were said to be realised. The labourers were paid one, two, or 
three annas a day, and then, as now, the miners and their families all 
worked in the mines. The mines wtre farmed by Maharaja Bunjeet 
Sing to Golab Sing. 

In another part of the narrative twelve saltpetre ($ie) factories are 
mentioned at Karabagh (K61&b&gh), producing a revenue of Be. 18,000, 
the tourist evidently alluding to the alum works. Throughout the 
paper, passing notice is taken of the salt and other mines of the country ; 
but the quantity of mineral wealth appears to have been exaggerated. 

When Mohun Lai visited K&l&b&gh or BAghan* there were 
Munohi Mohun Lai, ten alum factories there, and two hundred at 

January 1888. Moch on the other Bide of the jtfver (probably 

one of the localities in the Amb valley beneath Sakesir?). The manu- 
facturing process is very roughly described, and the selling price stated 
at Bs. 2 per 8 maunds. 

Twenty-one salt mines were then worked on the other side of a 
neighbouring mountain (along the Lun Nala probably), the € crop 9 of the 
salt being described as like a line of shining marble across and through 
the mountain, at the base of which the numerous holes in the salt were 
attributed to the grazing of cattle ! He says that Bs. 8,00,000 worth 
of salt per annum used to be raised here. He alludes to sulphur 
mines, of the situation of which the Sikh authorities were not aware, 
though they were known and used by the Malik of K&l£b6gh. 

Writing from K£l£b£gh, under date 15th November 1841, t Dr. 

Dr. Jameson, November Jameson asserts himself to be in the " saliferous 
1841. 

system/ 1 which "extends uninterruptedly from 
that place to Jubbulpore ” 


• Account of Kflabtfgh on the right bank of the Indue : Journal of the Asiatic 
Society, Bengal, VoL VII, p, £5. 

t Bxtract from a letter to Mr. Clerk, Journal of the Asiatic Society, Bengal, Vol. llA 

p. 1. 
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Of the coal of Kil&bigh he says that 2,000 maunds had been 
collected, for which the people (valuing it from ite supposed medicinal 
qualities) demanded Rs. 4 per pucka maund. He thought no good fuel 
would be discovered there, basing his opinion upon the idea that valuable 
coal only occurred in the carboniferous formation, and apparently 
unaware that there were rocks of that period within a few miles. He 
grouped the coal and sulphui -bearing beds [alum shales] of £61&b£gk 
with the salt marl. Among the nches of the country he enumerates 
gold, iron, sulphur, salt, gypsum, limestone, and saltpetre. The gold 
was of course the small quantity of that metal obtained by stream- 
washing from the Indus at Kdldb&gh; the sources of the iron and 
saltpetre are not given. 


Dr Jameson, 1848. 


In 1843, Dr. Jameson's “ Repart* of his deputation by Government 
to examine the effects of the great inundation of 
the Indus ” was published. He experienced much 
difficulty m consequence of the loss of almost all his notes, his baggage, 
collections, &c., when attacked and dnven back by the Afridis, at the 
Kotnl Pass, followed by his confinement in the Fort of Koh&t. He 
speaks of the lowest stratum m the range at several places as being of 
magnesian limestone. He perhaps alludes to some thin flaggy dolomitie 
layers in the red salt marl, but these cannot be said to occupy the position 
attributed to them. 


His rock descriptions are not always sufficiently clear for re- 
cognition. He asserts that the Sait Range is parallel to the central or 

high mountain range of the Himalaya f 

• 

The alunl slate of KAldbdgb is said to alternate with the red 
mail. The manufacture of alum from the slate by ludviation, &c», is 
described, and the produce is stated to have fetched Rs. 19-4 per 6 


* Journal of the Asiatic Society, Bengal, 1848, Vol XII, p 188, Ac. 
t ffiphimtoac, previously mentioned, seems to hare written before 4Us word was 
Ibormjptad into the present tern as above, he spells it “ Hemalleh,” whifth closely Approxi- 
mates to the way natives of Upper India pronounce it. 

( « ) 
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maunds=*384 lbs., of whidb Bo. 2-4 wore exacted u duty by the 
Malife, whose income of Be. 19,000 per annum was entirely derived from 
’the mineral resources of the country : the salt trade, however, being, 
with the exception of 300 to 700 maunds, which the MaKk was 
permitted to sell, monopolised by Bajall Golab Sing. 

In his bulky Lekrbuck der Salinenkunde, published at Berlin in 
^ „ * 1840, Vol. I, page 077, Dr. Karsten refers to 

the Salt Bange and Trans-Indus Salt rods 
speaking of both as belonging to one continuous range springing from 
the Sufdd Koh of Afghanistan, thus repeating the error of previous 
writers, from whom he appears to have derived it. 

Next in order of time are the first of the more extensive and ac- 
Dr. Andrew Fleming, curate writings of Dr. A. Fleming, who with 
1848—1863. two assistants was specially sent bv Government 

to make a survey of the geology of the Salt Bange.* 

The ability and general accuracy of description with which Dr. 
Fleming’s reports are fraught, contrast with many of the geological 
writings of early Indian observers. His examination of the district in 
question was both more careful and more detailed than that of his pre- 
decessor, and was attended with much sounder results. 

The first of his papers mainly refers to the minerals and their 
sources, his preliminary examination having been 
His Ant report, 1848. ourgor y ^d determination of the geological' 

horizons of certain of the stratA affected by the effort tP correlate dis- 
tant deposits closely with the European series. 

His second paper t is an interesting diary of the journey on 
which he appears to have collected the data of 

Hit diary, J849. , . 

his first report. 


His first report, 1848. 


His diary, ^849. 


• Report on the Belt Range and on its eoal and other minerals, by Andrew Flem- 
ing, M.D„ Edinburgh, Assistant Surgeon, 7th Bengal Native Infantry : Jour, A*, floe* Ben., 
VoL XVII, p. 000 . 1648. 

t Divey of a trip to PindUDadnn-Khan and the Balt Range, by the aeme authors floor. 
As, Boo* Bang* VhU XVIII, p. 001, 1840. 
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In a letter to Sir R. I. Murchison,* Major Vicary details numerous 
Major Tioaiy, Booem- curtor y observations upon the geology of the 
** 1BW. Upper Punjab, made while campaigning in the 

country, his military movements being too rapid to permit of closer 
observation. His route may be traced, but roughly, by the villages and 
passes, &c., which he names ; he thuB seems to have crossed the extreme 
easterly portion of the distriot under notice, and “ had reason to think 
the red shales and clays, sandstone, and conglomerate beds beneath” — to 
which he applied the term eocene — were “the same formation so produc- 
tive of salt near PindJ)adun-Khan indeed, he extends the observation, 
and from the accounts of Dr. Fleming and Dr. H. Falconer, concludes that 
the red shales near Subithu, Nahu (Nahun), and Mandi were all on the 
same horizon as the salt-bearing zone of the Salt Bange. 

Mqjor Vicary separated the tertiary rocks through which he chiefly 
marched, into eocene red bedB, bone-bearing Sewalik, and an extensive 
deep-bedded pliocene group. 

Captain Strachey, in his Himalayan paper, f makes but slight refer- 
ence to the Salt Range : he describes a persistent 

Captain Strachey, 1851. 

belt of (Sewalik) tertiary strata supposed to be- 
long to the miocene period as extending along the whole flank of the 
Himalaya from the Sutlej to the meridian of Calcutta, with an inter- 
vening zone between it and the mountains, “ chiefly consisting of light- 
coloured sandstones often containing small seams of lignite and imper- 
fect vegetable impressions, often associated with marls und gypsum, and 
sometimes with salt springs.” These he supposes, from their abnormal 
dip towards the mountains, to have been brought into position by a series 
of great faults at the foot of the range. He mentions that they are sur- 
mised, from their mineral character, to be of the saliferous age, and that 


• On the Geology of the Upper PonjAb and Pethawur : Proceeding*, Gad. Soo* London, 
VeL VII, p. 80. Ac. 

t On the Geology of pert of the Himalaya, Mountain! and Tibet, by Capt Biobard 
Btraehey, Bengal Engineer*, RGB* Ftae* Geol. Soc., London, VoL VII, p.M$,fa, June 
186L 
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they an possibly .the extension of the strata containing roefcoalt found 
on the same general line to the west in the Punjab. 

Next comes the most valuable of Dr. Fleming's reports, that aeoonfe 

Dr. Fleming’s Mcond P anied h 7 a m “P sections * In conducting his 
report, 1868. survey, Dr. Fleming had the advantage of the 

assistance of Mr. William Purdon, the memory of whose engineering 
improvements still lasts in the Salt Range, and also that of Mr* William 
Theobald, now one of the senior officers of the Geological Survey of 
India. Considering the short space of time allowed for the completion 
of the examination, the Teport may be fairly called exhaustive. Errors 
as to the positions assigned to certain groups in his former report are cor- 
rected, the physical features and botany described, and full details of the 
geological structure and development of additional groups in the 
western part of the range are given. 

The mode of mining the salt, manufacture of alum, washing of 
gold, and sublimation of sulphur, are described at length, and the position 
and character of the ooal deposits and petroleum springs are noticed. 
Analyses of some of the rocks are inserted ; and the organic remains, 
together with the minerals, receive attention in the description of each 
of the principal groups in which the rocks are classified. 

In a passage upon the upheaval of the range. Dr. Fleming makes 
deduction? as to the various depths at which the strata were deposited and 
other physical conditions, arguing from the conformity of the whole 
that they had all been elevated subsequently to the deposition of the 
newer tertiary beds. The upheaving force he thought extended from the 
east to the west, perhaps progressively, but this is not plainly stated ; and 
though he looked upon Mount Tilla as shewing an anticlinal structure, 
he favours the idea of the elevation having taken place along a line of 
fracture further westwards and having affected a greater area. Beyond 

* Report on the geological etruetoie and mineral wealth of the Salt Baage in the 
1 Punjab, with map*, eaetfoni, Ac* by the aame ax^thor. in charge of the Geological S urrey 
of the Salt Benge in the Punjft, eeeeoa 186149 : Jem, Am, Soc* Engel, 1858, p. 880, && 
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(tfit of) Sakesir he observed an anticlinal structure again, and he 
thought the elevation of the Himalayas coeval with that of the Salt 
Bange, "this fact fully explaining the anomalous dip aloog their 
southern side of the newer formations under the metamorphic schists 
of the central ridge as observed by Captain Straohey.” 

On reading this report, it becomes evident that the impossibility of* 
reconciling the series of the Salt Bange with those of Europe on the 
basis of its saline and coal-bearing groups being equivalent to the trias 
and carboniferous had struck Dr. Fleming, but he still adhered to the 
idea of more or less close correlation, and, apparently commencing from 
the carboniferous limestone, referred the groups above to the tertiary and 
oolitic periods and below to the Devonian, in the latter of which he 
placed the salt and its associated rocks. 

The most important geological discovery made by Dr. Fleming was, 
perhaps, that of the existence of carboniferous strata in the western part 
of the range, when returning from his first visit in 1848. Amongst the 
fossils which he then found, he names Productus, Terebratula, Spirifer, 
Ammonites, and Belemnites. These were sent to Europe for identification, 
and, through the intervention of the late Sir B. I. Murchison, examined 
by M. de Vemeuil, who determined " five out of eight or nine species” 
to be "forms well known in the rocks of carboniferous age.” The 
Ammonites and Belemnites are alluded to with doubt in the larger report, 
at page 260, as “what me took for” these fossils ; but although Ceratitrs 
are subsequently mentioned as having been found, the author asserts 
that these belonged to the carboniferous limestone, on the strength of their 
occurrence with Orthoceratites. 

It would appear that the salt was supposed by Dr. Fleming to consist 
of a angle bed, and he alludes to a singularly eruptive appearance of the 
accompanying marl, though its stratification at the west side of the range 
" negatives the idea” He thinks it probable, however, that "it has 
undergone metamorphism from igneous influence,” notwithstanding the 
abseftee of " platonic or volcanic rocks by which this might hove been 
,( & ) 
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earned.” In oeimoctum with this subject, t nfigulp ebp ce ht o ooloured 
argillaceous rock is mentioned as of somewhat w trappean* aspect, occur- 
ring where the junction of the mad and overlying purple sandstones 
takes place, and supposed to be a “ metamorphio argillaceous sandstone " 

The greater number of the mines be thought confined "to detached 
masses of salt^ sometimes with horizontal or vertical lines of stratifica- 
tion, depending on their position at the time they became fixed in tbe 
consolidating gypseous paste." 

At the time of his report,— in the yean 1850 and 1851 respectively,—* 
758,603 and 640,618 maunds of salt were extracted, yielding a revenue 
of Rs. 15,37,400 in 1850 and Rs. 12,81,295 in 1851, at a selling rate 
of Rs. 2 per maund ofi40 seers * 

Geological notices of K£l£b&gh, Musakhel, Kaffir fcote, Bonn, the 
Korina hills, and Murree, will also be found in the report, t 


* l l c., p. 248. 

t For the sake of comparison with other or the most recent classifications of the rocks, 
that of Dr. Fleming iB appended. He recognised the following formations, which are 
arranged in his table in reverse order, but are here placed naturally, the oldest lowest s— 


4. POST TERTIARY Recent 

f Miocene P 
8. TERTIARY ... 5 

( Eocene 


2. SECONDARY , 


Oolitic 


f Cabbonieibous. 


PRIMARY ob 
PALJSOZOXC 


(.Devonian 


... Allnviam. 

f Greenish sandstones, argillaceous grits, con- 
“ ‘ l glomerates, and red and'green days. 

{ Brown calcareous sandstone, nnmmnHtic lime- 
stone, marls and alum shales with lignite. 
Green Belemnite sandstone and shales. 
Cherfcy thin-bedded limestondi with ehdos* 
Yellow iron-stained quartsose sandstones, 
grits, and hitnminons shales. 

Upper limestone, sometimasmagneeiaik 
Grey sandstone and shales. 

Lower limestone, 
and shales. 

Upper red variegated 
conglomerates and days. 

Greenish micaceous sandstones 

with gpy ddomttto (mgperin) »nd- 


and grit with oon- 


-f 


grit*. 


I. Lomr Md 


«. MiMritrittgJVrinnMriMafeMIt 
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The reference to the Korfina hills* is, so far as I am aware, the only 
information extant about their geological structure, except the mention 
made of them by Mr, Theobald in a paper to be noticed presently. 
Dr. Fleming could not recognise among their dark-coloured and quartz* 
veined beds of coarse, brown, ferruginous sandstone, greenish quart- 
zite and silicious day slate, any representatives of the Salt Range 
series, but considered them rather as lower Silurian or Cambrian, and 
subordinate to the salt formation of the range. No fossils could be 
detected, but filling small cracks in the sandstone small specimens of 
pyrolusite or peroxide of manganese were found, and numerous white 
quartz veins contained masses of rich heematitic iron ore.f The beds dip 
to the north-west at angles of 40° to 45°. 

These hills are situated in the Jetch Doab near the River Chenab 
(or “ Ascetine*” Elphinstone's Caubul, page 24) and 24 miles south~ 
eastward of Shahptfr. They rise by Dr. Fleming's measurement about 
957 feet above the plains of the “ Bar." 

On the whole, this report is highly interesting and abounds with 
information. 

A paper by the late distinguished geologist, Sir Roderick I. Murchison, 
with abstracts of letters from Dr. Fleming and his 

Dr. Fleming and Sir 

Roderick L Murchison, own remarks thereon, appeared in the Quarterly 
Journal of the Geological Society, London, for 
August 1858,$ accompanied by a sketch map. 

Dr. Fleming’s letters herein alluded to are dated in 1851-52, and 
express opinions which he altered during his correspondence with Sir 
Roderick, from whom he learned that salt occurred in all formations 


• l. c* p. 444. 

t Lhaonite, composed of peroxide of iron, silica, sad water,— aids paper by Dr. Fleming, 
Jour. As. Soc. Bang., XXIII, p. 99. 1854. 

£ On the Salt Benge of the Punjib, by A. Fleming, E.LC., Assistant S ur geon, 4th 
Punjib Cavalry (Abstract of letters addressed to Sir R. X. Murchison) : Quaataxi y Journal 
of the Geological Sooietj, London, VoL IX, p. 189. 1868. 
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from the oldest to the youngest, and that the sali^f lavonia (Russia) 
occupied the same position as that of the Punjab. 

Among the fossils Dr. Fleming had sent home, Messrs, de VenumH 
and Davidson had recognised— 

Product us cora , 

P. eoctatui , 

P. Flemingi , 

Or this crenistria ? 

Terehratula Roysii , 

T. crispata ? 
and new species of Terehratula . 


Sir R. L Murchison. 


Sir Roderick observed that the second letter of Dr. Fleming's was 
chiefly remarkable for the author's belief, drawn 
from physical phenomena, that the chief saliferous 
masses had been produced by eruptive agencies. This opinion was purely 
the result of observation, as Dr. Fleming was unaware some distinguished 
geologists have held the same views. 


In the valuable work of Vicomte D'Archiac and M. Jules Haime,* 
D’Archiac and the geology of the Salt Bange is referred to. They 

m give in their geological rituni (page 178, fee.) a 

sectional representation of the range, which may be considered diagramatic, 
for it includes together groups seen only at its opposite ends, and 
represents a strong unconformity between the tertiary sandstones and 
the underlying limestone which has not been found to exist. Taking 
their information perhaps from the observations of Dr. Fleming, 
the authors described the lowest rocks as Devonian, including conglo- 
merate (1), gypseous and salt-bearing Tocks (8), and red sandstone 
(3). Above these are slaty and calcareous day and sandstones (4 
and 5), supposed to represent the carboniferous formation, then limestone 


• Description dm Aainurax Parties, ds groups NmmnaH&pie de Hud* psr 1 b Vloptfs 
FAiddao «t Jules Hafaps. Paris, 1868 . 
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*&d carbonaceous slates (6), juraasic, sueoeeded by (7) nodular sandstone, 
and shaley bituminous day with lignite and limestone with Numfk*lite* 
(8), shaley grey limestone with Nummuliteo (9), grey or yellowish lime- 
stone marly or sandy and sab-compact, and (10) nodular sandstone, the 
whole from No. 7 forming the lower tertiary sab-division, overlaid by 
(11) younger tertiary rocks with bones. 


In their palmontological r burnt , the authors refer to the Punjab as 
their “ second region ” or province, the first being Sind, Beluchistan, and 
Each, and fhX^third the Himalayan or Sub&thu division. Of the forty- 
four Punj&b (Salt Bange) nummulitio species of fossils, they found 
eighteen common to the first province, but none common to the Salt 
Range and Sub&thu rooks. They appear not to have known any Salt 
Range Cephalopoda, and of its Eehinodermata mention only one species. 


lEr.TheolMia.1864. 


The next account of the geology of the Salt Ran^e is by Mr. 

Theobald* who had, when exploring the range 
with Dr. Fleming, good opportunities for studying 
the subject. The paper was written three years before it was published, 
but revised and curtailed owing to the publication of others on the same 
subject in England. The writer gives a close description of the physical 
features and general appearance of the range, its direction, length, and 
width, remarkable points and heights. 


Passing to the geology of the range, Mr. Theobald avoids discussing 
the identity of the geological groups with similar ones in Europe, but 
remarks that “ it would not be difficult to identify almost every bed 
of the permian and saliferous rooks of Europe by lithological character 
with the beds of the Salt Range below the nummulitic limestone, but 
in an inversed order.” He contends that as the whole of the strata are 
-conformable they were deposited during subsidence, and he attributes 
the formation of valleys on the plateau and gorges leading thence to the 


• Jfofat <rn ike Chology ihe Fanjib Salt Rang** by W. Thkobald, j**r^ Auutani, 
Mfts l Snrveg qf India, tefc tft&s Faafdb tihobcal Bmrvag i Joanud si t fee AiUtio 

Society of Bengri, VqL XXIII. p, 661. 1864. 
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floath to forces no longer existing! but resembling tfcoei by which the 
Falk of Niagara were excavated. 

The different groups with their thicknesses are represented in a Hat 
(extracted below*), and tolerably full descriptive observations upon each 
group follow, an extract from a former report being given regarding the 
Brfghanwfilla coal, and a section to explain the position of the petroleum 
springs at J&bbi.f The suddenness with which fossils appear in the lower 
(or Product™ ) limestone group is adverted to, none being found below* 
The Korina hills referred to by Dr. Fleming are also noticed,} and the 
rock of the Kheura gorge, &c., alluded to by the latter as of " somewhat 
trappean aspect,” is declared to be an actual trap* Appended to the 
paper is a list of tertiary Mammalian and other fossil remains identified 


* Mr. Theobald's list is given in inverted order, Irat here restored, for sake of uniformity, 
to the natural one. 

10. Nummnlitic limestone, conglomerate, green, red, and yellow Feet, 
ossiferous sands, marls and conglomerates, minimum 10,000 


9. Upper or nummnlitic limestone . 1,100 

8. Carbonaceous shales, sandstone, and lignite ... * SO 

7. Bed and green, white spotted shales and sandstones .. 600 

6. Lower (or Product**) limestone ... ... ... 1,100 

6. Hard fawn-coloured sandstone with bands of conglomerate . . 700 

4. Cupriferous purple shale, and red friable grits and con. 

glomerates ... ... ... 400 

3. Dark arenaoeous shales with green earth ... ... 860 

2. Dark-red sandstone, flue grained with black iron 

parting*... ... ... 700 

1. Bed marl and gypsum with rock-salt ... 1,600 

Total ... 16.480 


t Jaba cm the Gevenotment maps. 

t As formed of a spades of slate with feebly developed slaty structure a*44mp ripple 
marks, gray, stained red and yellowish, and weathered to a desk burnished tamp, w*fc 
intensely feterqginoiis hunt aspect, white qqerts veins, much peroxide of iron, end a curious 
carbonate of lime and inn (dour. As. Soc., Beng* VoL XXII, p.f08), having 6frl4 jmmut 
of centime, which tafia* half a one-foot quarts vein. Wear, ia **, Bm § * Wet JOC&I, 
j*4KT4. 
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by the late Dr. Falconer as being, with a single exception, entirdy of the 
character of those of the Siwalik hills.* 

Some of the sub-divisions are differently placed by Messrs. Fleming 
and Theobald. "The fawn-coloured sandstone,” No. 5 of the latter, is 
placed above Dr. Fleming's Devonian " d," instead of being included in 
a lower division “e”j Mr. Theobald’s No. 7, a zone marked by the 


• At this lift may prove useful for reference, it is given below. The fossils were from 
near Jelalpdr and Lehr! (the latter eastward of the Bakr&la ridge), and the absence of 
Carnivora is noticed. 

PACHYDERMATA* 

Proboboidia. 

Xlepkas . — A plate of a worn molar, species undeterminable, but probably E. Hyendrious. 
Jfoffpdos.— ' Tn© specimens of molar ridges of the Elephantoid or SUgodon groups 
species undeterminable. 

Two fragments of Ivory tasks. # 

SippopoUmidm . — Tusks of the lower jaw of a larger size then are usually met with 
in the Siwflik Hemaprotodo *, and resembling more the true Hippopo- 
tamus er Tetraprodon of the Nerbudda. 

EAlaoosros.— Upper and lower molars in fragments. 

JVgnkt.— Upper and lower molars of two species, 
fiat.— Upper jaw. 

ROCINANTia. 

&vatheri* m .— Lower jaw (fragment) with tooth. 

Sod . — Upper and lower molars and fragments of jaws. 

Onwf and Aniilopo . — Several species, some of them very minute^, abtmdance of 
astralagi, femur ends, and scapula caps, also fragments of deer's 
horns. 

fl— rfat Portions of a molar. 

▲▼as. 

. Fragment of a leg bone, with the articular surface, of a large form, bairnig tn g . to tbo 

anil . 

Rbptzlza. 

OroeoHl at and Lop iorkg nek mt ( GbefoUt).— Lower jaws and teeth with vertebrm. 
AWosgo^— Fragment of the carapace with vertebr® of a large species* 

JVifc— ▲ ▼artefact. 

XOSBUSOA* 

▲few fima mete of one of tbo species found in the Siwtiik hjUs» 

H. r. 

VHk StpUmbtr 1864. 

( w ) 
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prevalence of pseudomoiphic*alt crystal casts, and by h Unplaced high up 
in the series, is the upper member of Dr. Fleming's Devonian according 
to the sections given by the latter. 

Sufficient has been said to shew the important •character of the 
paper, the general conclusions arrived at approximating more or loss to 
those of Dr. Fleming previously noticed. 

During a visit to the Punj&b in the winter of 1859-60, Mr. Medlicott 

had an opportunity of seeing the relations of the 
H. B. Medlicott. 1859. . 

rocb at the eastern end of the Salt Range, and 

some of them are alluded to in his memoir upon the southern Himalaya 

between the Ganges and Rfivi.* 

He observed a difference between the grouping ct the SubithfL 
series and that of the Salt Range nummulitic limestone and next succeed- 
ing beds, certain hard sandstones and ‘red clays of Sublthu not being 
present in the Salt Range where the massive unconsolidated mammali- 
ferous clays and sands of the upper Sub- Himalayan (Siw&lik) group are 
stated to rest upon a denuded surface of the nummulitic limestone. The 
great difference between the fossils of the two localities as enumerated 
by D'Archiac and Haime is also alluded to ; out of forty-four speoies 
from each, none are common to both, and those of Sub&thu are of shallow 
water forms as compared with those of the Salt Range. 

In describing the salt mines of Mandi and Drang, Mr. Medlicott 
notices the presumption by previous geological observers that the salt rooks 
of Mandi are beyond question the geologioal equivalents of those of the 
Panj&b (Salt Range, &o.). The position of the Mandi salt being, however, 
fixed by Mr. Medlicott as well within the general boundary of his Xrol 
group, f and not in the Sub-Himalayan rocks, the cine which the latter 


• Memoir* of the Geologioal Survey of India* VoL XU* Ft 8* “Snbdthn group.” 
Abstract on nine subject — Mur, Am. 8oa„ Be*g n VoL ZZ2C* p. 2L 1861. 

•f Sian Mr. MedHeottf* memoir wm written, the “KroT rooks have been sappned of 
triaaricsga end the Mapdi nit has been recently thought by Mr. Theobald (MB. comma* 
nfoation) probably of eocene age. 


( i* ) 
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might have afforded to the age of that salt is lost, and only the total 
dissimilarity of the associated rooks in each region indicate these saline 
deposits of Mandi to be different from those of the Salt Range. 

For the sake of comparison, Mr. Medlioottfs district being the 
nearest carefully examined ground in that direction to the Salt Range, 
his classification of its rocks is abstracted from the memoir and given 
below.* 

A paper in the Quarterly Journal of the Geological Society of 
London for February 1862,f by the distinguished 

Thoa. Davidson, 1862. J J 6 

palaeontologist, Mr. Davidson, treats of the carboni- 
ferous Brachiopoda of the Salt Range collected by Fleming and Purdon. 
Seventeen species are described, including the Genera Tercbratula , Athyrie 
Retzia , Spiri/era , Rhynchonella, Streptorhynokus , Orthic , Product us, 
8trophalosia , and Auloctege w . Several of these are figured, and the author 
observes that the total number of carboniferous Brachiopoda thus dis- 
covered “ amounts to about twenty-eight species, of which thirteen at 

* Sub- Himalaya* Series. 

Uppbs ... Siwflik Conglomerates, sandstones, clays. 

liLDDUD ... Nahnn Lignite sandstones and clays. 

Kasaolf, gray and purple sandstones. 

f Snbdthu [since Dagshai, purple sandstones and redolays. 

1 “Sirmur”] Sabdthn, fine silty clays with limestone. 

„ {Nummuliitee.) 

1 Himalaya* Series. 

L— i UinmrAiroaPHio— 

Ebol ... Krcl Hill ... Limestones. 

Ibvba EbOL Ditto ... Carbonaceous slates or shales. 

Bmrx ... Mini Hirer ... Limestone and conglomerate. 

Rr-OtarAXoarHXO— 

Crystalline and snb-crystalline rooks, dec. 

On some carboniferous Brachiopoda collected in India by A. Fleming, M.D., and 
W. Pardon, Esq* F.GJ8* by T. Davidson, Esq* F.B.S., F.G.S. Quar. Jour. GeoL Soo., 
London, VoL XVIII, page 26, Feb. 1862. 

In a foot note to the paper, Hr. Davidson mentions the following species as having been 
identified by H. de Yeraeuil and himse l f in 1858: Aihyrie Soytii, a Bpietfhr* nearly 
idated to B. Ueeota, B tr e ytorkymoto e erenieiria, Product* Cera, F. Jfismlky P. eoeta - 
foe, and P. HmmMdHL The determination of some of theee first established the fact of 
carboniferous strata occurring in the Salt Range. 

( *0 ) 




INTRODUCTORY . 


SI 

least are common to European rooks of the same period.” The geolo- 
gical features of the carboniferous rocks of the district are not dwelt 
upon further than to mention that the fossils occur in beds differing 
mineralogically, some being hard and crystalline and others ^argillaceous, 
while a few were from magnesian limestone. Dr. Fleming's separation 
of the carboniferous rocks into three divisions is also given as follows i— 

c. Upper Limestone : Brackiopoda, and other fossils occur through* 
out the formation. 

b. Gray sandstone and shales, in which but few fossils have been 
found. 


a. Lower limestone, with calcareous sandstone. This limestone 
generally abounds in large Brachiopoda and other fossils. 

Some of the species described are said to be identical with specimens 
from such distant localities as Red River, Louisiana, Iowa, New Mexico, 
Arkansas, and Bolivia, on the table-land of the Andes. 


The following are Mr. Davidson’s lists : 


Collected bt Db. Fleming- 

Terebratula (vel Waldheimia) Flemingi, 
Day. 

T biplieata Broochi (7) var. problematical, 
Dav. 

T. Eimalageneie, Dav. 

T. eubveeicularie , Dav. 

Athyrie Boysii, L'Eveilte, sp. 

A. eubtilita , Hall, ap. var. grandit , Dav. 
Betesia radiate, Phillips, ap. var. 

B. grandtcoeta, Dav. 

Spirifer striata, Martin, sp. 

JB. Mooealchoilente , Dav. 

8. lineata, Martin, sp. var. 

Spirtferina obtoplioata, Sow., sp. 
BkynekoueUa pleurodou, Phill sp. 
Camaropkoria Purdoni, Dav. 


Collected bt W. Puedon, Esq., F.6.S. 

Terebratula JBimalayeneie, Dav. 

Athyris Boysii, L'Eveilll. 

Athyris subtilita. Hall (P) var. 

Sfpirifera Moosakhailentis, Dav. 

8. lineata, Martin, var. 

Bhynehonella pleurodou, Phill. var. 
Camaropkoria Purdoni , Dav. 
Streptorhynchus orenistria, Phill. 

8. pectintfbrmis, Dav. 

Productive etriatue , Fischer. 

P. Cora, D'Orb. 

P. Purdoni, Dav. 

P. eostatus, Sow. 

P. Sumboldtii, D'Orb. 

P. mmir c tieufotus , Sow. 

Btropkalosia Morisiaua, King <P) var. 

( *i ) 
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Collected by Db. Flexing. 

Btreptorkgnchui crmittria, PhiH. ap. 

vet . robiutus. Hall. 

8. pectinifbrmu, Dav. 

Orthu retupinata, Martin, ap. 

Productus striata $, Fiaoher, ap. 

P. longispinus , Sow. 

P. Cora , D’Orb. 

P. somtrotieulatus , Sow. 

P. ooiMk*, Sow. 

P. Pardon* , Dav. 

P. Humboldt*, D'Orb. 

Strophalosia Morisiana, King (P) var. 

Hie author mentions Dr. Fleming’s conviction that all the fossils 
recorded in his list were derived from rocks of the carboniferous period, 
and the difficulty he found in referring two of the species of Terebratuta 
to this age. They recalled to him certain forms of jurassic or creta- 
ceous age much more than any shells of the oarboniferous period with 
which he was acquainted. He therefore called attention to them with 
a view to ascertaining whether they might not have been derived from 
a less ancient formation. That there were good grounds for his doubtB 
will be seen. 

The Journal of the Geological Society of London also contains a paper 
PMfanr 4. Koninck, V another eminent palaeontologist, Professor de 
1888- Koninck,* upon fossils discovered by Dr. Fleming 

in the Salt Bange. In his opening paragraph, .M de Koninck refers to 
the paper of Mr. Davidson, mentioning the fact just noticed that wans 
of the Brackicpoda do not possess a palaeozoic aspect. This feature, he 
observes, may be remarked likewise among the fossils of other classes in 

• Descriptions of some fossils from India discovered by Dr. A. Fleming of Edinburgh, 
by Dr. L. de Koninck, FJC.Q.&, Professor of Chemistry and Geology in the University of 
Liege. Qnar. Jour., Geo L Boc, Lond., VoL XIX, p. 1. 1868. 

This paper, that of Mr. Davidson, the work of D*Archiac and Haim* and the note 
by NL de VarneuiL are about the only sources of general paleontological information re- 
garding the Salt Bange as yet extant^ and these refer chiefly to its earfcmihras, trite, 


Collected by W. Pubdon, Esq., F.G.S. 

Aalosteges Dalkoutii , Dav. 

Crania, (sp. indet.) 



INTRODUCTORY. 


Doctor Fleming's collections! and he notices that oertsift species belong, to 
genera;hitherto only found in the secondary formations and principally m 
the lower groups of that great period. The Ceratite* in particular are 
remarkable! all being new to science! and but for this! serious doubts 
might have been entertained relative to their geological position* though 
Dr. Fleming had ascertained by personal examination that they occurred 
in the same beds as those which contained carboniferous Product* and 
8pirifera. The author remarks! however* that the rock containing the 
Ceratite e was without any traces of these other paleozoic genera. The 
fossils which he had for determination included forty-nine species* five of 
which were in bad preservation and undeterminable. Those described* 
thirty-six of which are figured* are as follows 


I. Ajtthozoabia. 

1. Isastrcsa arachnoids , de Eon. 

2. Clisiophyllum Indicum, „ 

3. Lithostrotionbasaltifbrme, Conyb. 

and Phill. 

4. L. irregulare , Phill. 

6. Michelinia favosa, Gtoldf. 

6. Alveolites septosa (/), Fleming. 

II. Eohiwodebmata. 

7. Philocrinus eometa, de Eon. 

8. Cidaris Forbesiana, „ 

III. Mo&lusoa. 
i* Bryoeoa. 

9. Polypora fastuosa, de Eon. 

10 . Fenestella megastoma, „ 

11. F. ft Sykes*, 

12. Betepora(T) Lepida, ,, 

18 . P*jrHppona(f)Jiam*o»o,d»Kon. 

14. P. ertbtlhm, 

B. IpmlUbraneiata. 

15. Anemia XowtMkmm, de Kan. 


16. jPeoten Flemingianus, de Eon. 

17. P. Asiaticue, „ 

18. P. o relristria, „ 

19. Solenopsis imbrieata, „ 

C. Gastropoda. 

20. Bentalium Eercvlewn, de Eon. 

21. Bellerophon deeipiens, „ 

22. B. orientalist „ 

23. B. Jonesianus, „ 

24. Macroekeilus depilis, „ 

26. JS£. avellanoides, „ 

26. Nerinaa (T) n. sp . (/) 

1 X Cephalopoda. 

27. CeratUes Flemingianus, de Eon. 

28. 0. Mwrchisonianus, „ 

29. C. Hauerianus, „ 

80. C. planulatus, „ 

81. C. Zyellianus, M 

82. C. laUflnbriatus, „ 

88. C. Buchianus, „ 

84. C. Baeidsonianus, „ 

85. C. Zawrendanus, „ 

86 . Goniatites(f) QengeHc me, „ 

( M > 
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37. Nautilus Bartini, Galeotti 
36. N. Flemsngiamus, do Soil 
89. Ortkoceras oesumlotim, „ 

40. O. raekutum, „ 

41 . O. decrescent, „ 


IV. Pisobi. 

42. Acrodus , n, sp n closely related to 

A, latelaris , Ag. 

43. Aorodus Flemtngianue, do Eon. 

44. Sauricktkys (f) Indians, „ 


* Prof, de Koninok’s doubts as to tbe place of at least some of the 
Ceratites were, it appears, quite as well grounded as Mr. Davidson's re- 
garding certain of the Braekiopoia . 


In a list of Indian and High Asian hot springs, by M. Robert de 
Rbbt de Sohhgin- Schlagintweit, published by the Asiatic Society of 
tsna, 1364. Bengal,* one at Musakhdt — a misprint for Musa- 

khdl— near the Salt Range is mentioned, coupled with the name of 
Dr. Healing, its latitude being 32° 48' and longitude 71° 89' at 706 feet*- 
above sea-level and its temperature being 94°. This spring is situated 
in the Bukh Ravine, in the Western Salt Range, between Musakhdl anti 
Namal. The water, according to Fleming, gives off sulphuretted hydrogen 
and deposits sulphur. 


The memorandum-)* or report in which the former Superintendent 
Thomas Oldham. of the Geological Survey of India recorded obaer- 
^ vations, resulting from a visit to this district and 

its neighbourhood, to inspect the sources of the coal and salt, is chiefly 
Mntnal to the objecta of his joamey, time not permitting of detailed 
geological examination. Dr. Oldham refers to the exploded idea (see * 
Dr. Jameson’s report) that useful mineral fuel could only be obtained 
from neks of one fixed geological horizon, and demonstrates its fallacy. 

Minnte details regarding the position, thickness, and circnmstanoes of 
the coal, as exposed at 19 localities, and in one case a tabular view of part 


• t«l xxxm; p. n. um. 

t M«p«ntaaoa tfc. wwiH. Of . emery Bnuntnriton of tin lUy «ai pwti of 
the nurists at tee sat JBbM, a qmial view to the alaonl nsSkns «( those Os. 

triets. (B^nrt to O ownuas gt ofladh.) 

( U > - 
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of tibe section containing it, are given. The prospects o£ itsbeing remuner- 
ative, if worked, are discussed. Some valuable observations and sugges- 
tions follow relating to the salt mines and their working system- 
The Trans-Indus salt mines as well as the petroleum or mineral tar and 
sulphur of some localities, are also described. 


Dr. Stoliczka, 1866. 


Dr. Stoliczka, in his paper upon the geological sections across 
the Himalaya from the Sutlej to the Indus,* 
makes some reference to the carboniferous fossils of 
the Salt Range, some of the species being found in his " Kuling beds” 
or carboniferous series of that Himalayan region. He has also an allu- 
sion to the occurrence of newer secondary rooks in the Punjab which 
must also refer to the Salt Range. 


Iu the voluminous paper on the geology of Kashmir, the Western 
Dr. A. M. Verchere, Himalaya, and the Afgh&n Mountaine,t by Dr. 
1866-67. Verchere, are several passages referring to the Salt 

Range. In sections 89 and 97, the connexions between the range and 
his theory of the special elevation of the whole region are indicated, and in 
section 64 the carboniferous limestone is alluded to as well as the formation 
of the salt marl, and supposed internal changes in it. This marl is re- 
ferred to the trias or permian age and oalled “ saliferian.” The carboni- 
ferous are said to be succeeded by oolitic rocks. In the succeeding 
section the nummulitic rocks are described, their associated alum shales 
being, it is stated, developed only where lignite is situated close to the 
“ saliferian” formation, and the opinion is expressed that these shales 
appear to be patches of lignite metamorphosed. In sections 67 to 75, 
the sandstone, clay and conglomerates, overlying the nummulitic group, 
are supposed to be miocene, the upper portion being identical with the 


• Memoir* of the Geological Surrey of India, VoL V, Pt. L 

f Kashmir, the Western Himalaya, and the Afghfci Mountain, a geological paper by 
A. M. Verchere, Eaq n Beng. Medical Servioe, with a note on the foaaila by M. Edouard de 
Veraetul, Memb, deVAcad. floiesu. Pane. Jour., As. Soc., Bengal, Vole. XXXV and 
XXXVI, Pt*. 2 and 2, 1866-67, with maps and illustrations. 
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Siw&lik rooks. The position of the Salt Bange Cetatite a is discussed in 
section 76. 

At sections 92 and 93 the gypsum and salt marl of this district are 
again noticed, and an anticlinal arrangement of beds at Mfiri on the 
Indus mentioned, as shewing conformity of the a saliferian" nnder 
jnrassic rooks and an unusual dip of the Silurian * and jurassio beds on 
both sides of the anticlinal. It is suggested that these local upheavals 
may be due to swelling of the gypseous beds from the change of anhyd- 
rite into common gypsum. 

A manuscript paper by the same author on the district of Banu and 

__ neighbourhood, in referring to part of the Salt 

Bange, repeats his triassio classification of the 
salt marl, impugns the correct conclusion of Dr. Fleming, that it was in-*- 
feriorly placed with regard to the carboniferous series, and concludes with 
the statement that no older rooks than carboniferous are present. 

In M. de VemeuiTs note to the paper of Dr. Veroheref will be 
M.de Yemen]], 1864— f<wmd several very interesting remarks upon the 
1867 * fossils sent to Europe by the latter, mostly from 

Kashmir, but some identified with Salt Bange forms. The author also 
refers to the species forwarded by Fleming, Purdon, Godwin-Austen, and 
Verchere, and shews the wide range of some of the Salt Bange forms ; 
for instance, — 

Atkyris . ( Terebratula) subtilita , Hall, found also in the carboniferous 
of Great Salt Lake, Utah, America. 

Product** longispinus, Sow., found also in Ohio, Kentucky, 
England, Spain, Belgium, Bussia, in the Governments of liver, Kalonga 
on the Donat*, and on the Biver Belaja, near the glacial sea. 

P. Cora, D’Orbigny ; found also in England, Belgium, Spain, and 
in Bussia, on both slopes of the Ural, Ac., as well as in North Ame rica 

• Silmrum I* wEfentlj * misprint in Dr. Verehere*. paper for 

t Dr. VercW. paper abmdjr noticed.— J. A. 8, B* VoL XXXVI, yew 1807. 
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P. semireticulatui, Sow also in Europe (Russia) ^aad America, 
in Siberia, and in the Altai Mountains. 

P. eottatui , Sow., also in England, Russia, and Missouri* 

P. HumboUii , D'Orb., Salt Range, and western dope of the northern 
Ural Mountains* 


M. de Vemeuil speaks of Russia, the Ural, and the Altai Aa links 
between India and England as regards the organic remains referred to* 

In his large work on the economic products of the Punjab,* Mr* 

Powell, apparently following Dr. Homing, states 
1868. ( m 

that the principal beds of salt occur in the Devonian 

group on the southern side of the Salt Range. Prom Dr. Planting's 

reports he extracts the full description of the working of the mines* 

The Range, its geographical position, the positions of its adjacent ridges, 

and its geological structure are described. 

At page IS Mr. Pqwell states, apparently as an extract from 
Dr. Fleming, that grains of native platinum are found in the same way 
as the gold in the Indus, being called by the natives “ white gold/' and 
that they despise it exceedingly. In Dr. Fleming's “Trip to Find- 
Dadun-Khan, &c.,"f (at page 682), he says, from repeated inquiries 
among the gold-washers, he could not discover that platinum occurred* 
This is in accordance with my experience. 

A short descriptive paper by myself on the structure of Mount 
Tilla, at the eastern end of the range, appeared 
in the Records of the Geological Survey*} The 
series as exposed here differs greatly from the development of the rooks 
further westward. 


A. B. Wynne, 1890. 


Mr. Lyman was deputed to furnish a special report upon the 
mineral oil of the Puxj&b and its sources* The 
field of his operations lay chiefly north of the Salt 


Mr. B. 8. Lyman, 1870. 


• Economic Product* of the Punjab, by Mr. Baden H. Pow«D, C*R, VoL I, pp. 1% 9K 
and 180, 6c* 1868. 

f Jour. As. 8oos* Bang., VoL XVIH, p, CM, July 1840. 
t Raootdi of the Geological Snrriqr of India, VoL HI, No. A 1870. 
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Range, but he had opportunities of seeing parts of it, particularly the 
Jaba petroleum springs, at the west end and northern side of the range. 
The structural geology of these oil localities are treated at length in 
his report, to which sections and small maps are appended.* 

In a subsequent paperf the same author makes seYeral allusions to 
the physical geology of the range and of the neighbouring country, and 
mentions also the usefhl minerals. 


Among the appendices to the Animal Report of the Ouatoma Depart - 

H Wuth, 1871 ***** 3 eaf is a report by 

Dr. Warth upon the Mayo Salt Mines region at 

Kheura,J one of the most important of the Salt Range mining localities. 

The report gives a very detailed description, first, of the geology of 
the environs ; secondly, of the hill in which the salt mines are situated ; 
it then treats of the mines, their present and future mode of working ; 
and concludes with chemical analyses of the salt.§ Vertical sections are 
also given shewing the arrangement of the strata and position of the 
mines in profile. ’ ' 


^The author divides the rocks into two main groups, the “ sandstone” 
and “ salt” formations, these being again sub-divided into seven smaller 
divisions. || 


Living upon the spot and with many opportunities of acquainting 
himself with details, Dr. Warth haB left little unsaid about the locality. 


* General Report on the Panjib Oil Lands, by Benj. 8. Lyman, Government Press, 
Lahore. 1870, p. 38, Ac. 

f Topography of the Pan jib Oil Regions, by the same author, Trans. Amer. Phil. 
Society, Vol. XV, 1872. 

% Report on the Administration of the Inland Customs Department for the official 
year 1809-70. Appendix H, by Dr. H. Warth, Chemical Analyst, Inland Customs Depart- 
ment, since appointed Collector of the Salt Range District. 

§ From Hr. H. Hicktfs pamphlet on Customs; also analyses, by Cornelias Hickie, Esq , 
Chemical Analyst, Agra. 

|| The following is the list which is given of ail the strata, from above downwards, 
by Dr. Warth 


Reount format >*».— Dcftris of Gypsum, Ac 
, I*mutone formation , — N mmnulitic limestone 
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Considering this more from a mineralogical than a geological, point of 
View, he has dwelt at greater length upon the mines, mineral produc 
tions, and immediately associated rooks, than upon the geological suc- 
cession ; and were it not for his minute and accurate surrey of the mines, 
the etratigraphical relations of the salt deposits here would have remained 
longer unknown. 

Another report by Dr. Warth forms the “ Appendix If’ to the 
next “ Annual Report of ike Inland Custom De- 
Hi, report for 1870-71. paftmen1 ,, ( 1870 .7i, published in 1872). In this 

the engineering operations of the year are first detailed, and fresh matter 
added, i nking a geological description of Jogi Tilla (or Mount Tilla) 
with reference to a proposed trial shaft (since commenced) in order to 
discover whether the great salt deposits exist in their usual place beneath 
that mountain* A map and sections of the locality'are appended. 


L, alum-shale, and marl 

Thickness. 

Average. 

• 20* 

f Green sandstone 

... 

... 

Blue marls 

100—160 

126' 

[Bed sandstone 

400 # — 800 

000' 

[Upper layer of white gyp- 
1 sum 

6' 

6' 

Brick red marl* or gypsum 

00'— 200' 

1OT 

Brown gypsum 

80—200' 

140* 

Lower layer of white gypsum 200' 

200' 

Salt marl and salt 

600' 

600 


Salt formation 


Pbfoomc.— Trap piercing through the lower etmta up to the boundary between 
the upper layer of white gypsum’ and red aandftone. 

Feet. 


Sandstone formation ... ... 1*826 

Salt formation ... ... ... ... 1*076 


The following succession of strata at Mount Tilla is 

Nummulitlc limestone ... 

Variegated etmta 
Green sandstone 
Dark shales 

Bed sandstone (minimum) 

Gypsum (minimum) ... 


given : 


,2*400 

Feet. 

TO 

80 

208 

186 

286 

180 

860 
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In a passage referring to the brine spring of Knlra, near Bakrfila, 
on the Grand Trank Road, from Jhelum to Rawal Pindf, the author 
seems to suppose the existence of a salt-field below* 

The third part of the paper is a preliminary report " Upon tie salt- 
bearing strata in ike eastern part qf the range from tie Mago Balt Mines 
to Jogi TiUaf The geological structure and physical features of the 
ground are mentioned, and a succession is described differing slightly 
from that formerly presented by this writer.* 

Dr. Warth corrects Dr. Fleming’s statement that “ beds underlying 
the salt marl” were visible ; he supposes that this appearance is due to 
a simple case of slippage, and he states that strata older than the salt 
marl are nowhere seen. 

A fourth part of the report is devoted to the “ Salt mines qf tie 
Punjdb Salt Bangs , west qf Pind-Dadan-Khan” thus furnishing, in 
conjunction with former reports, a complete survey of the range so far 
as the salt is concerned* 

The salt quarries of Efl&bdgh on the Indus aro first described, then 
the geological structure of that part of the range ; the alum shale mines 
and alum factories are next noticed (the latter slightly) ; after this all 
the u beats’’ or preventive sub-divisions of the range as far as Makraoh 
are taken up and treated in detail, the physical and geological features 


• One member of the series (c) formerly included by Dr. Warth with his green sand- 
stone la separated in the following table, which being inverted in the original is here 
placed in natural order: — 

Estimated thickness. 

$ Tntbiyitnt. ... ... ... ... 1,000 feet. 

if Nnmmnlitic limestone ... ... 200 „ 

£ Coal embedded in shales ... ... ... 60 „ 

c Red and green, white spotted shales end sandstones (vide 
Fleming), variegated strata with impressions of salt 


crystals 

2 Hard fawn-coloured sandstones with conglomerates 
X Doric arenaceous shales with green earth ... 
ft Dark red sandstone, fine-grained 


a Red marl and gypsum with rook salt 


160 „ 
400 ft 
S00 M 
400 \, 
1,000 „ 
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of each referred to, and ample information aa to the mined given, together 
tyith numerous rough illustrations* 

It will be necessary to refer subsequently to various parts of these 
papers, which, from the amount of information they c ont ain, form certain* 
ly the most valuable observations made upon the salt-bearing portion 
of the Salt Range series. Thef advantage of having a competent mining 
engineer and analyst, acquainted with geological structure, resident 
upon the spot, will doubtless be felt in connection with future opera- 
tions. These appear likely to be carried out pn a larger scale than 
hitherto, a wire tramway from the Mayo Mines crossing the Jhelum 
at Chak-Nizam having been erected (under the superintendence of 
Lieutenant de Wolski, R.E.), and surveys on both sides of the Tiver 
having been made for a branch line from the Northern State Railway. 

In an able memoir upon the Indian Surveys* by Mr. C. R. 

Markham, C.B., there is a passage at page 105 
Markhun, iS7i. U p 011 the Physical Geography of the Upper 

Punjab, in which the Salt Range is slightly mentioned. 

A very full collection of the Salt Range minerals and a complete 
set of petrological specimens illustrating the 

Wynne and Warth. 1878. 

structure of the range at Kheura, from the lowest 
salt upwards, was forwarded to the Vienna Universal Exhibition of 1878 
by the Geological Survey of India. In making this collection Dr. 
Warth rendered much valuable assistance, and furnished a solid rect- 
angular mass of salt from within the mines, of about two tons in weight. 
This large specimen was taken to shew the general character and strati- 
fication of the salt, which it did very perfectly ; it arrived safely at 
Vienna, vid Lahore and Calcutta, and was left there. 

Dr. Oldham, while he was officially engaged upon the arrangement 
Oldham, left. °* East Indian mineral products at the Vienna 

Exhibition, noticed (in a communication published 

• Mated tyorde* of H. H/» Secretary of State for India in Council, Allan ea& Oo* 
Loudon. 
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in the Fer. Ber Geol. Retcksantialf) the position of the rock salt of 
the range and its silnrian age, being thus the oldest of known salt 
deposits. 


H. F. Hanford, 1872.; 


In Ur. H. F. Blanford's Physical Geography for the use of Indian 
Schools/* a slight reference is made to Salt Range 
geology. The upheaval of the range is referred 
to the period when the Siwilik hills were formed! or perhaps later, 
and a similarity of certain of its formations to those of the Himalaya 
around the Spiti and Sutlej valleys is noticed. 


While the minerals for the Vienna exhibition were being col- 
Tween, 1878. lected from the Salt Range in 1873, the in- 

J. Wiener, 1874. teresting discovery was made by Dr. Warth of 

potash salt in on impure saline bed separating two of the thick salt, 
scams of the Mayo mines. An analysis of the mixed salt by Mr. Tween 
of the Geological Survey of India, was given in the catalogue of the 
collection (published at Her Majesty's Stationery Office, London, 1873), 
page 8. A notice of this potash salt, containing sylvine and kieserite, 
and a description of the mineral by Mr. J. Wiener, will be found in a 
translation by Mr. V. Ball from the Jahrbuch der k. A Geologitchen 
BeiektanstaU (XXIII, No. 2, p. 136), in the Records of the Geo- 
logical Survey of India.t The hardness and cleavage of the kieserite are 
etated to be the same atfthose of the Hallstadt mineral of the same kind. 


A paper of mine in the Quarterly Journal of the Geological Society 

of London,^ with special reference to the “ iunc- 
A 8. Wynne, 1874. " 

tion in the Upper Punjdb, between the outer 

Himalayan tertiary rocks and those forming the hills," has several 
illusions to the geological features of the Salt Range. The con- 
formable sequence of the tertiary rocks and the parallelism which 


• Published in Calcutta and London, 
t VoL m Pt p. 04. 

t Qtly. Jow, Gao. 8oo* L ond o n , VoL XXX, PL 2, p 64. I «MSd have quoted 
Dr. Stolioska'e Taglig limestone, in table facing page 62, as Liassic. 
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obscured any recognisable brea k between tbe $dt pugs eocene 
(nummulitic) and overlying sandstone and day sene^ are aantwed. 
A section through Diljaba mountain is given for cftnyerisoa with the 
Dandli section of Mr. Medlicott’s Sub-Himalayan Report; but subse- 
quent examinations have so altered the reading of the latter that, much 
of the disparity noticed has been removed, and if the Dandli hill Unis* 
stone had proved itself numibulitic by any fossil remains the similarity 
between the two sections would be striking.* 

Tbe suggestion at p. 69 regarding possible differences connected 
with tbe production of the Himalayas of the Simla area as compared 
with those mountains nearer to the Upper Punjab appears to coincide 
with the later and bolder announcement of Ur. Medlicott, that these 
two areas of the Himalaya have been elevated at different periods* 
(Records, vol. ix). I did not venture to say so much. The deration of 
tbe Salt Range was doubtless connected with that of the Western 
Himalayas. 

In the memoir on the Trans-Indus Salt Regionf I have referred 

to the geology of the Salt Range where dosely 
A.. B. Wynne, 1876. , . , , * 

connected with the subject under consideration. 

When this memoir was published, I was absent on furlough and had 

not the opportunity of either correcting the proof sheets or bringing 

some of the observations into connection with the most recent views 

developed by the Survey regarding other regions geologically connected 

with this. Thus the classification of the upper tertiary beds was 

influenced by the supposed discovery that tbe Siwalik fauna extended 

downwards far into the Nahan group. On more reoent information 

the Upper Tertiary beds should have been shewn in the table at page 24 

as Siwalik instead of Nahan ; and the rocks immediately below theft* 

• See Mr MedUeotfs paper, Records, Geol Survey Ind* VoL Ik, p. 46. Yfci* 
limestone if ^opposed to be carboniferous. Paper on the Ptr PoaJtfL Igdrid tafr Be s p it^ 
CM* Sqnr., Vol IX, p. 167. 

t Heft. Geo, Sin Ind, Vol XI, 1876. 

-* 
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•tieoet as far down os the nummulitic limestone, would have been 
dossed as Nahan. 

In his recent paper upon the Jamu country* Mr. Medlicott 
describes at some length the changing structural 

H. B. Medlicott, 1876. 

features of the intermediate tertiary region, be- 
tween his Sub-Himalayan district and that occupied by these rooks in 
the Upper Punj&b. 

The paper has an important connection with the geology of the upper 
series of the Salt Bange, and requires to be carefully considered, because 
it differs greatly from any previous attempts to apply the eastern 
structural arrangement to the Western Punj&b part of the Hima- 
layan border zone of tertiary rocks. In both regions the differences 
of stratigraphical structure, embracing succession or discordance, had 
been as well known as that identical groups occurred in both. 

The principal points bearing upon the Salt Range tertiary sand- 
stones, &c., are the following : — 

All the breaks,, faulted boundaries, discordances, or marked uncon- 
formities separating the different tertiary zones in the south-east 
become altered and die away in their extension to the north-west, so 
that the groups found in the Upper Punjab succeed each other with 
perfect parallelism at the Salt Range as well as elsewhere in this 
country. This regularity of sequence 1 had often noticed and referred 
to— see papers on the Upper Punjdb.f 

Even the unconformity of the Sub-Himalayan eocene Sabitbu 
group on the older Himalayan series likewise dies out, and the Sabfithu 
beds in this northern region rest with as perfect parallelism upon older 
limestones of unknown age in Ptfnch, as I had observed them to do upon 


• Beoatd* GmL Sumy, Ind* Vol. IX, p. 49. 

f Beoazds, Choi. Sumy, Ind* VoL VI, pp. 60, 68, VoL VHI, p. 4& spd Quarterly 
Jenxi Geol. 6oc., Londg Vol. XXX, p* 61, 1874. 
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the hill limestone of Khairi Mtirut,* westward of Rawa| Pii*di, or, indeed, 
■as the Salt Range nnmmnlitio limestone rests on underlying rooks* 

Bnt a break is mentioned at the top of this Salt Range nnmmnlitie 
limestone based upon the occurrence of a layer with limestone and flint 
pebbles just below the junction with the overlying sandstones, &o. : tbs 
parallelism between the two remaining still as prominent as elsewhere 
in the whole series. I have long sought for evidence in favour of this 
supposed unconformity, but have never been able to prove it completely 
by any denuded surface of the older rock ; the junction layer spoken of 
where I have seen it, appeared made up of fragments not distantly* 
derived. West of the Indus, indeed, I believe a peculiar sudden transi- 
tion takes place.f 

A suggestion is made that the Salt Range nummnlitic limestone 
represents that at the bottom of the Sab6thu zone, strong indications of 
the ooxinexion occurring in the hmmatitio clay and coal bands at its base, t 
The Nahan fauna is declared still unknown, and it is noticed that the 
ossiferous Mammalian beds are all Siwalik. The Sirmfir triple group 
referred to is not represented* in this eoufntry. 

A new sub-division is introduced to receive the Upper Siwalik 
conglomerates ; and a post-tertiary conglomerate series (which has repre- 
sentatives near the Salt Range) forms an unconformable group, inter- 
mediate between the tertiary beds and the alluvium. Hence, the only 
tertiary sub-divisions near the Salt Range will be nummulitic, Nahan 
and Siwaliks, the latter comprising lower and upper groups. 

It will be seen from the foregoing account of previously published 
matter relating to the geology of the Salt Range, that it is hardly an 
easy task to furnish a report, brought up to date, which shall not in too 
great a measure repeat the observations to be found in former papers, 
nor yet lepve unnoticed circumstances of importance. Differences in the 
conclusions arrived at have been generally suppressed in the preceding 
notes, but statements of contrary views will %e found farther on. 

* Believed to be nnnumditie in part, if not all, 

f Oto Mount TUla v Bee. GeoL Serv. Ind* Tot III, p. 83. Menu. Geol. Sorr, In£„ 
VdL XL Pi X p. 6S, and several inactions in detailed descriptions. 

I Memoirs, «ame vol* p. 138. 
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CHAPTER II. 


PART I. 


Ajxrominent f 
N.-W. India. 


PHYSICAL FEATURES. 

Of itself, the Balt Range forms a prominent physical feature of North- 
bfeatbre of Western British India; rising between the flat 
plains and thal> or desert; of the Lower Indus 
basin and the elevated Potwar* plateau embayed between the outworks 
of the Himalaya; Hindi! Kush and Afgh&n mountains. It rises above 
the adjacent tracts, but with a considerable relative difference of altitude 
on either side, as do the Western Gh&ts above the Deccan and low coast 
plains; or as the Himalaya range itself rises above the high plains of 
Asia on one side, but stands at a much greater difference of level above 
the low plains of India on the other. One analogy with the latter 
range as to some physical peculiarities might even be carried further, the 
general watershed of the adjacent countries in both cases lying north- 
ward of the principal elevations and both being bordered to the south 
by a fringe of coarse deposits brought down by swollen torrents from 
the hills. 

Here, however, the physical analogy ceases ; the aspect, stratigra- 
phioal structure and forms of the two regions being even more dissimilar 
than are their respective heights. Formations of the same geological age 
have, it is true, been found in both, and some few fossils from each have 
been pronounced identical, but the petrographical characters of the rocks 
are totally different. 

The essential feature of the salt range is that it forms a bold escarp- 
ment to the southwards, this character being 1 
Its features. ° 

obscured in some places, by reason of the con- 
torted state of the rocks, and in others very promiment, presenting a 


• This pl atea u has several divisions with different names, hut that of one of them, 
tiie Potwar, is often applied to the whole of the ground lying immediately north of the Salt 
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fine facade of lofty cliffs, bluffs, and precipices overlooking numbers of 
•steep valleys and penetrated by profound ravines or gorges,* some of 
which almost deserve the name of canons. 

These features contrast strongly with the flatness of the plains below 
and with the undulating or hilly plateaux which for 76 miles crown 
the acclivities, or with the more gentle northerly slopes intersected, a$ 
they descend to the Potwar, by an intricate labyrinth of deep, narrow, 
often vertical-sided ravines, such as are rarely seen save in this region, 
and which have won for it the special name of Kuddera, + from inhabitants 
generally unobservant of natural features, and often ignorant even of 
the names of those beyond their own immediate locality. 

The southern escarpment is strongly marked along most of the 
range, rising to an average height of 2,200 feet 
Southern escarpment. a ^ oye pi a i ns a £ its foot, which are seldom more 

than 750 feet above the sea. Lofty portions of it also look down upon 
the Potwar plateau, the edge of which (with heights averaging 1,824 
feet) does not reach to within 1,074 feet of the mean height of the Salt 
Range. 

A very gradual increase of these heights takes place westwards to- 
_ _ wards the most elevated summit, Sakesar, which 

The Potwar. . 

is situated 36 miles from the western extremity of 
the range at the Indus. Here the general elevation is 4,500 feet, and 
the summit itself has an altitude of 5,010 feet. 

But the Salt Range is not entirely a simple elevated tract strongly 
Variety of form of scarped on one side and surmounted by undulating 
rBnge ' open plateaux. This is its character in the central 

• Thi§ word “ gorge ” is frequently locally used in speaking of the deep throat-like 
M gulches" <rf the range, to which it appear* very applicable. 

f A narrow valley in this part of the country is called a “ durra " kus or * bhnfl n • the 
affix is taken to mean a multiplicity of forms. A large glen or stream course (dxy or other- 
wise) is called a " Waan** or u Vain ” ; as Nila Waan, the blue valley, named after the 
colour of its stream as seen from above. 1 
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lqgiop, except that the northern tides of its plateaux are commanded by 
• minor escarpment facing to the south. At each end of this upland 
country the features change considerably ; in the east one or two con- 
spicuous hills rise above neighbouring portions of the range, while to the 
west the ridges enclosing a flat depression, called the Son, converge, 
and unite with the superior mass of the peak Sakesar. 


Mount TULl 


Eastward of Jal&lpur the extension of the principal ridge becomes dis- 
T ^ Jaipur to out- torted, and sinuous, and is cut through by the chan- 
wapd * nels of two considerable riven, the Bdnh&r and the 

Kah&n ; Mount Tilla, one of the most lofty eastern elevations; occurring 
at the part interposed between these streams. This Mount Tilla ridge is 
generally between 3 and 4 miles broad, it averages 
nearjy 2,000 feet in height, and culminates at Jogi 
ka-Tilla in an elevation of 3,242 feet. Just to the westward of this, where 
the mo untain is highest, its width is barely above a mile. The Chambal 
portion of the Tilla chain, nearest to Jal&lpur, rises to 2,290 feet, has a 
north and south direction, bending towards the west, where separated 
from Mount Tilla by the Bunhar gorge, and, declining by successive 
ridgCs eastward, dies out in the alluvial flat of the Jhelum near theOrand 
Trunk Boad eastward of Rot&s. 


From the northern side of the range at a point N. 10° £ from Pind- 
D&dan-Kh£n, an important spur, separated by a 
deep gap from the main mass, leaves the latter and 
stretches for more than 30 miles in a north-easterly direction. Close to 
the range, where it forms the Diljaha mountain, this spur has a height of 
3,0&2 feet, hut further on it declines to heights asdfagiqg 2,330 feet, and 
it has been called the Bakr&la Ridge from the Pass of that name on the 
Trunk Road. Its highest point in this neighbourhood is Nfli Hill near 
Dom&li, and the ridge having a general width of 2 or 3 miles pay be 
said to end in the broken hilly ground extending for some distance from 
the right hank of the Jhelumau the vicinity of L&hri* 
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From Jadalpur for 16 miles to the W. N. W. the Gecarpment of the 
OhtogwinfiMetettp- main range ifl very plainly marked, r&flg gradually 
mentfc in height from 1,862 feet to 2,275 feet (the level 

of the neighbouring part of the Jhelum river is about 700 feet), and the 
width of this part of the range steadily increasing westwards from 2$ to 
6 miles. 

One of the most remarkable features of the eastern part of the 
range is -that the strongly prevalent southerly 

6 fofttnrOi 

escarpment changes sides, so to speak, at Chambal 
mountain north of Jalalpur (where the strata have been most enor- 
mously disturbed and faulted), an easterly dip of the beds givinga 
westerly aspect to that portion of the scarp. At Mount Tilla, a few 
miles distant, the southerly aspect is regained, but at the Diljaba end 
of the Bakr&la ridge the scarp faces the north-west, and again at 
Kirangli hill, overlooking the Choya-Saidan pass, a strongly marked 
westerly escarpment occurs. This hill, 3,626 feet high, and that of 
Chel near it, 3,701 feet, seem to be both displaced portions of a south- 
westerly extension of the Diljaba and Bakrdla ridge. Such variation 
in the forms of the hills indicates, as might be supposed, corresponding 
disturbance which will be noticed in its proper place. 

Another remarkable feature is that the direction of the whole range 

Another remarkable changes abruptly near Sakesa^ "nearly at right 
chang0 ‘ angles to its (east-by-north to west-by-south) 

course. Hero it becomes very suddenly narrow for about 9 miles, bears 
to the north-west-by-north, and loses in height, averaging 1,727 feet (with 
a summit near Namal of 2,260 feet), and a width of two miles and less. 
This abrupt change corresponds to featured in the Trans-Indus extension 
of the range, both together forming a deep, wide, and open sinus in 
the hilly margin of the Indus plains, where that river debouches from 
the mountains. This change is, however, more closely connected with 
the general orography x>f the Upper Panjib than with the Cis-Indus Balt 
Range, though it forms one of its most peculiar features. 
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Beyond {he narrow part the range expands into the Tredian hills, 

_ .. , reaching to within a few miles of the Indus, and 

Tredian hilia. 

having a width of 8 miles near Sw&s, bat dim- 
inishing as the river is approached. They have an average height of 
8,087 feet, and their highest point is reached at Tredian itself, 8,477 feet. 

At the debouchure of the Indus upon the plains the Salt Range may 

be said in most senses to disappear for a space in 
Disappearance or the “ r 

nnge proper at the in- a way difficult to account for satisfactorily, a few 
small and disconnected hills only remaining to 
represent it. The chief of these detached portions, formed of the moat 
perishable materials of the whole series of the range, is the salt hill of 
M6ri, consisting of red marl, gypsum, and rock salt, and having an 
altitude dose to the river's bank of 1,921 feet.* The geological and 
'physical relations of the Salt Range re-appear in some measure Trans- 
Indus beyond the limits of this district. 

As one continued massive feature the range may be said to com- 
mence at its eastern plateau, where the high 

Plateaux. ° 

ground from Jal&lpur, rising gradually from the 

Biinlrir river, meets and almost joins the Diljaba portion of the Bakr&la 

ridge : from henoe westward nearly to the summit at Sakesar, high 

plateaux form its crest. These may be called the Eastern plateau, the 

Danddt plateau, the Kahtin, M616t, Nurptir, and S6n plateaux. 


The “Eastern plateau ” extends westward to Pid, a distance of nearly 

sixteen miles, with a width of from one to eight 
Eastern plateau. ^ 

miles and heights of from 2,100 to 2,800 feet, the 

width of the whole range here being from 7 to 10 miles. The surface 

undulates, being frequently of bare rock, worn w&t-deep into closely 

adjoining furrows. The plateau is much indented by the heads of valleys 

along its south-eastern side, and bordered in the opposite direction by 


• Dr. Fleming’s List of Altitudes, 2nd report, p. 410. (No heights are ghrea 
on the Add maps.) 
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the. hill of Chel and by an open shallow valley, beyond which the con- 
spicuous peak of Ktrangli overlooks the northern entrance to the pasi of 
Choya-Saidan-Shah. From this peak a series of south-westerly ridges 
and valleys divides the plateau from the next, 
Dandrft plateau. ^ terminates in very broken ground surrounding 

the small but lofty plateau of Dand6t, part of which is 2,699 feet above 
the sea. 


Next to the westward is the E&htin, which might also be oalled 
the Dalw&l plateau, with height of over 2,400 feet. 
Kahtin plateau. i s less rocky than those previously mentioned, ie 

bounded on the north by steeply eloping rocky “ Kuddera” and southward 
by two remarkably long, straight ravines, meeting at an obtuse angle and 
forming the deep gorge of Makrdoh. This upland is 16 mile? long and. 
8 wide, the whole range having here gained so much in width as to be 
12 miles broad. 


Mal6t plateau. 


On the south-west side of the Kahdn, a lofty, narrow, and irregularly 
shaped plateau extends in a north-westerly direc- 
tion, between one of the ravines just mentioned 
and the southern slopes of the range. It rises to elevations of 8,000 and 
8,200 feet, and may be called the Mal6t plateau. 


Separated from that last mentioned by the deep Safdi (Sera or Seri- 

Nfiipfir plateau. & 0I E e “ another larger table-land on which 

the village of Nurpfir stands. It is in parts less 
rooky than the last, and has muoh the same character as that of 


Dalwil. The elevation of the surface ranges from 2,600 to 2,800 feet. 
This Ndrpiir plateau is about 10 miles from north to south and the 
same from east to west, the whole range here having a width of 14 
miles. 


The high plateau^country stretches to the westward for 82 miles, 
SAn or Western pis- becoming narrower about Pail and ChdmB, where 
the whole width of the ridge is about 12 miles. 
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Still farther to the weet it becomes much wider, and includes the 
huge tract called the SAn, reaching to the foot of Sakesar peak, under 
which is situated the SAn-Sakcsar lake at an elevation of 2,626 feet. 

la parts this table-land resembles a sea of huge limestone billows, 
particularly where it is intersected by the east and west ehain of the 
Patial bills. South of this chain lies a somewhat less elevated and 
more broken tract, traversed by deep ravines leading down to the plains. 
The Patial hills rise towards and coalesce with the high mass of Sakesar, 
as do also these which bound the northern side of the SAn pleateau, 
upon which heights occur of over 2,900, 6,000, and 4,000 feet. The 
width of this plateau from north to south is about 14 miles, that of 
the whole range having increased to 18 or 20 miles. The SAn 
possesses a reputation for coolness of climate equal to that of Kashmir.* 

A large spur or lobe of hills,t leaving Sakesar, flanks for some 

miles the narrow part of the range which trends to 
Qxos mils. . 

the north-north-west, as if to continue the southern 

tide of the S6n plateau, bat it is much more broken, and has little or 

nothing of the plateau character. It ia separated by a long and deep 

valley from the narrower part of the range and it rises to a bright of 2,899 

feet above Chiderfl. 

From the summit of Sakesar the eye ranges widely over the adjacent 

Oo n nfay V rid, country. To the south, flat plains and deeert 

thenng*. stretch to the horizon with a surface to all ap- 

pearance m level as that of the sea, bring broken only by the great riven 
nod the distant tops of the Korina hills, a small group near the Chendh 
river* To the north the Potwar or Biwal-Pindi plateau expands beyond 
the cone of “ Kmiiera ” at foot of the range in wide, gentle undula tions, 
open which, eastwards, heights of 1,600, 1,700, and 1,800 fret are marked 

• Dr. It&dng'i Bqport, p. MS. 

f Thaw in tta " Qrcti ” Wk of Dr. Flomiag (p. SU), and anmnttr the“IMW* 
Uk «*Mr. ThtoMd (fr 0M). 
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on the nape. North of the Sdn the heights rise to above 2,000 feet, bat 
westwards towards the Indus decline again to 1,200, 1,800, 1,800, and 
1,000 feet Distance and elevation make the ground on this aide also 
appear like a flat plain, bat between the undulations are deep intricate 
Xmdderat leading to the broad sandy beds of rivers generally nearly dry* 

The range is traversed by three or four principal passes (not includ- 
ing paths or roads which follow no particular 
depression). The lowest of these are situated near 
eaoh end of the range. The Bakrdla Pass on the Grand Trank Road 
north of Jhelum may have a height of 1,400 feet at the ridge of the 
same name ; that at Ghorfigali near Dijjaba is a gorge of the Btinhtf 
river at about a height of 1,309 feet ; a lower gorge on the same stream 
at Pind Sevika may be between 800 and 900 feet high. The long 
pass of Choya-Saidan - Shah , following the deep valley of that name, one of 
the few considerable valleys opening on the north side of the range, 
is an old route from Pind-D£dan-Kh£n northwards ; up this the road rises 
among the intricate and deeply excavated ravines of the range to a 
height of about 2,000 feet at its crest. The deep gorge of Sardi nearly 
intersects the range southward of Kalar Kah&r lake, but the road 
which crosses it here climbs the right side of this deep defile below Sardi 
village. 

The' last of the passes worth mention as such is that from Namal to 
Mtisakhdl, above the right bank of the impassable Bakh ravine and at 
a little distaaee from it. It probably does not ascend so muoh as 500 
feet above the plain to the south.* 

The vaUeys of the range are numerous, and some of them profound 
gorges, but none have now any important con- 
nection with the country beyond it, excepting the 
deeply cat passages of the Kahdn, the Bdnhdr, the Vfihi, a nameless 
stream near Khyrab&d, and the gorge of the Indus itself. 

t the elevation* of summits and similar points only an given on the maps; those of 
hollows or crests of passes are not marked, hence they are estimated above. 

( « ) 
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The latter at Kdlabtgh is 1,070 feet in width from shore to shore; its 
depth in the odd weather varies from 15 to 48 feet, the velocity of 
the stream is 1*04 feet and the discharge 21,200 cubic feet per second.* 
Its surface is a little over 681 feet above sea level. 

There is a wide open valley at the east ode of the range, with 
heights of over 1,100 and 1,200 feet, lying between Mount TiUa and 
Bakrila ridges. It is traversed by both the Kahdn and Bunh&r riven, 
having no stream exclusively Its own. A portion of this valley or 
depression occupies a recess where the Bfinhdr river spreads before 
escaping through the Find Sevika gorge. This, the Choya-tlsddan glen, 
an open bean on the Nirpur plateau, and a small but deep coomb-like 
depression beneath Vasndl, are the only glens of importance opening 
northwards, all the rest being ravines or saafaee stream-courses, which 
fte more numerous than usual on aooount of the softness of the rocks 
traversed. 

The whole southern face -of the range is cut up by numberless 
ravines and deeply penetrated by many precipitous excavations, eroded 
to a depth of several hundred feet lower than the escarpment of the table- 
lands. One of these gorges bifurcates at Makrdoh, where it may have a 
depth of more than 1,000 feet. Another is the fine glen of Sardi (Sera or 
Seriarik), apparently some 1,500 feet in depth, where its width is little 
more than a mile, and even much narrower near its mouth, though equally 
deep ; but the grandest chasm of all is that of the NQawin, out out of 
the Nfirpdr plateau. This varies from a quarter of a mile to a mile 
in breadth, and penetrates the range for a length of about 5 miles from 
its narrow mouth. Its depth is unknown, but may be guessed at 1,500 
to 1,700 fret. 

Other fine glens of the same character are-— that leading south from 
Pail, the Naraiqgphoar ravine, the Sanglewia not far to the west- 
ward, the J4bi gftrge from above Kdvhdd, the glens of Vurehih Xmb, 

•From information kindly muffled bj D. HcXariie, Eeq, C.K., When engaged 
□pon « projected cam! from Xiri tonthweriti. 
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and the angularly inaoooesible oaBon called the Bakh ravine, which 
intersects the whole range near Naxnel, having a length rf about 
a mile and a fall of nearly 850 feet (judging^ from the heights upon 
then*?)* 

There are features connected with this ravine which make it ap- 
pear strangely placed at this point. The streams which now discharge 
through it look too small to have out so large a gorge, even though this 
may have been commenced when the ground to the north was less 
worn down by denudation. The occurrence of boulder beds near where 
the great rivers leave the Himalayas, and the existence of an unoon- 
formable boulder accumulation at the north-eastern side of the ridge 
close to the town of Namal, at the commencement of the ravine, would 
suggest the possibility of this glen having once been a channel through 
which a larger stream from the north, perhaps the So&n river, found 
its way southwards before the gorge Of the Indus was sufficiently 
reduced and out backwards to take off the main body of meteoric water 
at a higher point. 

At present the Ooldr and Thrappi rivers, which unite and discharge 
through the Bakh ravine, drain a comparatively small area north of 
Sakesar summit. 

All the streams from the Tredian hills ran in steep narrow g ullies or 
gulches, those to the south especially, and one of these has eaten for itself 
a cavernous passage beneath a massive rocky spur; they are sometimes 
quite impracticable to follow up on foot. 

The water-parting or w divide” of the range lies north of the prin- 

Watcr-partfaig. cipal orest or ed 8 e > belonging indeed partly to 

the Potwar plateau. For some 45 in the 
central portion it separates the heade of tributaries to the Indue from 
those of torrents which tend towards the Jhdum, but never leadi It, as 
fnrfooe streams.* From other parte of the range the drainage tf both 

• from M a to tch Items a doubtful exception. 
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tides finds its way southward, and notwithstanding the elevation and 
continuity of the obain, it forma no considerable barrier to the general 
southerly outflow of waters from the north, this northern drainage 
completely traversing it at two plaoes to the west, while in the east 
the Tilla ridge is likewise twice intersected, and that of Bakr&la no 
fewer than five times to afford passage to streams from the Potwar. 

Prom the salt-marl, most of the southern streams are highly saline, 
those which are least salt being used for irrigation, but very few are 
either potable or palatable even to the scattered population accustomed 
to brackish water all their lives. 

The hollows of the S6n Sakesar and Khabaki lakes on the western 
plateau of the range are open shallow depressions without visible out- 
fall The basin of the latter is small, but that of the former includes an 
area of about 60 square miles and occupies a singular position close to 
the highest elevations. 

The four salt lakes of the range form quite exceptional features to the 
q rifr general drainage. Three of them are on the west- 

ern or SAn plateau ; two of these, the Khabaki and 
BAn Sakesar,* or Samandar, lakes, in depressions of its northern part ; and 
the other, the Jal&r or Jalfir lake,f in the rugged country to the south. 
These three lakes vary in size with the amount of rain-fall; they have no 


• A fault with a north-east and aonth-weat direction waa supposed by Mr. Theobald to 
bring the salt-marl up at the eastern foot of Sakesar, bo as to impregnate the water of the 
lake (see paper already referred to, p. 668) \ this dislocation could not be leoognised on the 
ground. 

f Dr. Fleming, t ransl a tin g the name ** Julhur ” as Sanscrit for s spring of fresh water, 
■marts distinctly that the water of this lake* unlike others on the range, ia freah. Bain may 
hare lately fallen and ppodnoed this impmation when he ririted it, for it was subsequently 
found to be as saline aa the othm, both by Dr. Oldham and Dr. Waagen, at oonaiderably 
dti hran t data. The satires of the place considered it mUa, or sweet, A a., fresh enough to 

Proiemof Wochtnam^ of CUontta, has kindly anpplied of the following 

Sanscrit words i aspringaf fresh water; * Jo/or,* a thicket or eope.* There ia 

no wood now near the lake to reader the latter derivation for the name likely, though there 
may have been once; donbtieaa there are freah springs in the vicinity. 
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outlets, and are all salt or saline, though far removed from and at a 
■higher elevation than the salt-bearing strata. The largest of thenars the 
Samandar lake, about 3 miles long and 1 wide. The fourth, the 
lake of Kalar Kahir, having a diameter of about a mile ind only a depth 
of 3 or 4 feet, is situated close under the north side of the range. It 
has no outlet either except when flooded; a neighbouring nala then 
affords a passage for the surplus water, and sometimes its white saline 
bed is all but dry. 

There may be various reasons for the saltness of these lakes, which 
differs in intensity, and would seem not to be derived from chloride of 
sodium only; ordinary precipitation from water, unable to escape except by 
evaporation, may have caused it. In the case of Kalar Kahdr, brine 
springs at one place have an influence ; and with regard to the ffSn, the 
saltness may be due to the former existence of overlying sandstones and 
clays charged with saline ingredients. 

Fresh-water springs are not uncommon upon the plateaux or along 

Fresh springs. borderB * Amon ff them may be mentioned 

those at Choya-Saidan-Shah, the large sacred spring 
of Katie, that at the Wycher cliff, Danddt, and those of the Verila scarp. 
The table-lands form a large catchment surface, the rain water Ming 
upon which would produce springs in the usual way. Another sacred 
spring at Botis may be connected with dislocation of the rocks. Here 
fresh-water springs are locally numerous, one of them forming a strong ' 
stream which issues from the dry sandy bed of the KahAn river. 


Brine springs in the salt region are no novelty, but one at on 
Brine springe. south side of the Bakrila ridge near Domdli is 

situated among rooks, the highest above the salt- 
marl; it alsp ooetwin a disl o cated locality in the bed of a torreqt 
depositing c tf c aie p^ tu& and forming river-oonglomerate (Ktmjir). 
Hie water of &e spring is of a milky-bluish opaline tint ; it is half 
saturated wfth salt (aoeording to trials by Dr. Warth), and forma black 
and ydlowim precipitates. It comes probably from a considerable depth, 

( 47 )" 
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otherwise more springs than one might be expeoted to occur, and its 
unknown source can only be guessed at 

There is another so-called salt spring in the same range at the 
southern slope of Nili hill, where a somewhat strong variety of the usual 
“ Kkdra pdmi” of the country, charged with mixed salts, chiefly of soda, 
issues in the bed of a rocky nala. 

Saturated brine springs occur on the right bank of the Bunh&r 
stream in the Ghorfgali pass (near Diljaba mountain), just where it is 
most narrow. The source is probably connected with the salt-marl. 


The brine spring of Kalar Kah&r rises from a patch of this salt-marl 
in an entirely abnormal and dislocated situation. 

The water of streams in the sandy and argillaceous rocks along the ' 
north and easterly parts of the range frequently deposits the saline in- 
crustation called “ tur” or “ kaUar "* in considerable quantities. 

The hot and sulphurous springs of the Bakh ravine have been noticed 
by almost every one who has visited the place ;f 
Hot springs. indeed, the smell of sulphuretted hydrogen emitted 

by them is sufficient to attract attention. They occur for some distance 
from the entrance at both ends of this remarkable miniature canon, some 
issuing strongly, others without force; gas bubbles up, and the water, 
which is covered by a thin film of gypsum, deposits a black tenacious 
mud used by the natives as a dye for colouring cotton bloth.j; The 
sources are probably distant from the surface, and the springs do not 
occur in one particular formation. 


Similar sulphurous springs, sometimes warm, occur here and there in 




other parts of the range. * Two of these close to the 
Chota and Bara Kata brooks near*faba (north side 


• Sulphate of aods and common salt ; Fleming, lat Report* p. SIS. t 
flCS. notea by Dr. Waagen, 4c* So 

$ See ante, Fleming, End Beport, p. 265; also Schlagintweit, in Chap. i. 
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of the western end of the range) bring to the surface a sufficient quantity 
of petroleum* to enable abont 8 quarts daily to be oolleoied, but all is 
liable to be washed away for the time by floods. From a gypseous deposit 
here, (thought by some to result from the notion of these springs upon 
the neighbouring limestone,) native sulphur was reported to have been 
collected ; but when I searched for it, the barest traces only could be found. 

Viewed from the north, the aspect of the Salt Bange is that of a mono- 
tonously undulating and not very lofty ridge, 
upon which some conspicuous summits, such as 
those of 2hfl, Kirangli, Tills, and Sakesar, attract the eye. Closely ap- 
proached over “Kuddira” ground, the range may be often observed 
covered with scrubby jungle and on limestone slopes by a mane of 
Sunkeltaf and Behekur% shrubs, through which it is difficult to work 
a passage. Having once left the plateau, alm*Jt everywhere on tho 
ascent the bare rook protrudes, presenting a striking uniformity of grey 
and greenish or red tints, the latg>jr sometimes predominating and some- 
times replaced by a dusky orange; all these brighter colours being 
restricted to argillaceous rocks. On ,the undulating plateaux small 
patches of cultivation lie between rocky undulations dotted or covered 
with StmkeUa jungle, trees of any size being almost entirely absent 
everywhere along the range. 

Seen from the south, the scarcity of vegetation and the bright colour- 
ing of the red, purple, grey, orange, and whitish rocks of the clifis and 
slopes, present a strong contrast to the other aspects of the range ; the 
fan-shaped accumulations of detritus at the mouths of the torrent gorges 
encroaching upon each other to form a stony belt, slightly concealed 
by thin, starved-looking jungle, which only adds to* the sterile appear- 
ance of the ground. The whole of this dry and sun-burnt face of the 

• Lyman— “Punjab OH Lands j M Report to Public Works Department Lahore Govern- 
ment Pkes* 1870. 

* f Do io nmm fonemkea (Fleming.) 

t eewi es. Dr. BeWiagt Sad Report, p.898. 

G 
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range radiates so much absorbed heat* that an en- 
campment at some distance in the plains, though 
hot, is found to be., cooler than one at its foot. 

Picturesque spots occur occasionally, their at- 
tractiveness enhanced by their rarity ; and there 
is muoh that is imposing, though wild, in other 
scenes. Instances of one or the other may be found 
in the summit of Mount Tilla, with its ruins and 
ancient buildings j the rock-pools and gardens of 
Choya-Saidan-Shah ; the antiquities of Katfis and 
Rotfa ; the 1 Aty village of Danddt; the neigh- 
bourhood of Kalar Kahlr, when the vines are in 
leaf and the lake is full ; the grand glens of Nila- 
wfin, Sardi, and Nursingphoar ; the vicinity of 
Sodhi near the head of the latter ravine ; the deep 
glen of Amb; and the gorge of the Indus at 
Kfilab&gh, with salt-rock, water, boats, and quaintly 
piled buildings, making up a brightly-coloured 
picture, in which the orimson rol from burnt alum 
shale, and duller red salt-marl, contrast with the 
cool greenish-greys of the lofty Dangdt cliffs in 
the back ground. 


PAET II. 
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OBOG&AJPHY AND PHYSICAL OTOLOGY* 

As the theoretical explanations of the formation 
of the Salt Bange are included in those relating to 
the origin of the adjaoent mountain legions, I shall 
endeavour to confine the following observations to 
features, of which some description may he found 
useful in considering the local relations with re.* 
gsrd to the huger area beyond the subject of this 
( M ) 
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wportj. points which belong to the phjneel geology of the tfnge stoat, 
Ijowever, be briefly notwedT 

The situation of the Salt Bang. is in itaelf peculiar; it ONSMthat 
omhayaaent when the lower gijmnd et Waiters 
Hindustan projects into the high mountain region* 
of Asia, and it forms a separation between two tracts which hate wry 
unequal altitudes as seen in fig. 1, a rough profile of the oountry final 
Sw£t to the Chendb crossing the range near Sardi. 

This recess is embayed by the high mountains of the North-West 
Himalaya on the east, and the Sulimdn, Hfla/Aogustfo,* and Khytor 
mountains on the west; while, to the north, Slevated mountrinoute 
ground intervenes between it and the snowy ranges of the Hindd Ktislu 
In the regions where suoh great physical features approach and the 
resultants of their originating forces encountered one another, ooneen* 
tinted disturbance might be expected to produce intense distortion. Ill 
the Salt Range this is observable, both stratigraphical contortion on tbs 
smaller scale and sinuous ourvature of the range itself marking its 
effeot. Including its continuation Trans-Indus, the whole chain appears 
to have yielded to lateral out-thrust, or forces proceeding from the 
greater mountain chains on either side, and to have been oompsDei 
to aeoommodate itaelf to shortened longitudinal limits. (See diagram^ 
Plate VIII, fig. *,) 

The principal or western sinuosity of the range (bordering the 
Indus for some 70 miles) follows, in a measure, the converging axial 
directions of the more lofty ranges, its curvature conforming to tha 
angle between these lines.! To the east, however, the strike of the TSJa 
ridge is distorted so ae to fold hack upon itself iu a curve rescmbHng 
the letter & 

• A sane *pp&*4 ty vattves to the aeoatatas wart of the tagfh. 

, » — a — — rf-ff-g 

fin* tha Lav Tin jib to th* mantels'* awarda with ite ft atm* hat ite to 

tfctfel* o*K*fcmfraiitftba"ai4gfc*jf^ QaaideaSte 

fid So®* la y fl i tfoL ^ jp* Uh 
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These sinuosities coinciding 1 with escarpments would also suggest 
undulations in the strata, being arrested by fissures along lines of 
weakness. 

The two prominent results of disturbance, flexure and fracture, va- 
ried according to the intensity of their cause, 
are commonly observable throughout this region, 
but complicated flexure is less frequent to the east, having been appa- 
rently relieved by numerous great fractures. In the vicinity of Mount 
Tills, of the Chambal, Diljaba, and Bakrfila ridges, boldly curved beds 
are often brought into association with nearly vertical strata by means 
Of faults. 

Indications of anticlinal structure occur in tbe Bakrfla ridg% 
and at the Rotds end of tbe Tilla range, on 
Eutran puts of the range. ^ ea#ten| gjde of Chambal mountain and close 

to Jatflpur, while similar open curves define tbe eastward commence- 
ment both of the Kahtin and Eastern plateaux. Between Diljaba , 
and the last named is a decided synclinal in the upper rooks, and the 
wide valley between Tilla and Bakrfila ridges may be called a double 
synclinal hollow. Besides these larger flexures, small contortions are 
of frequent occurrence, but few other parts of the range exhibit marked 
^ynctinal or anticlinal curvature as essential forms of the mountain 
structure. And yet the whole chain, from the 
m2£ t jS£2r nCe m ** Eastern plateau westward, partakes broadly of 
the uniclinal or incomplete anticlinal charac- 
ter, the northern side of the curve only being present. It seems rea- 
sonable to suppose that the strata once formed a complete arch, but 
there is no proof whatever that this was the esse. 

Over the whole of the plateau eastwards, the rooks, though elevated. 

Grate contortion to tht m ^ lightly disturbed, hence the tabular 

forms of tbe ground; but to the west the tolling 
wave-Hke surface is intimately connected with more vielent disturb- 
ance, each wave representing an anticlinal arch. All the UU country 

( W ) 
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shout Sskeear is a mass of contortions, fractured and duasraaged in 
places ; but the narrow part of the range, uniting this mountain with 
the Tredian hills, is composed of highly inclined beds showing a strong 
tendency to bend over to the south-west, excepting which this unioHnai 
ridge has no more indication of anticlinal continuity than the plat en s 
country to the east. 

In the Tredian hills intense plication again predominates, and the 
Intense dtaorbuw it the climax of disturbance is reached where the rangh 
lwla( ’ itself and nearly all of its characteristic forma* 

tions an lost among dislocations as the Indus is approached. 


All along the northern slopes, except when deranged by faulting, tin 

disturbance, even when greatest, is regular and 

the northerly dtp constant. 

The whole southern face oi the range presents the meet strangely 
o—l, . lTr(t broken and dislocated features, large portions of 

the lofty escarpment having subsided and 
smaller land-dips taken place, until tin slopes have become often crowded 
with huge disconnected rook masses at all elevations, in all positions and 
of nearly all the harder groups, the heterogeneous assemblage being fre- 
quently overshot and obscured by debris. This much of tin 
structure is, however, but the result of meteoric denudati o n aerate d b f 
the perishable nature of the soluble salt and gypseous marl beneath. 

Bemdes dislocations of this kind there are many true faults, which 
v w.it. generally take directions oblique to tint of tin 


range: sometimes these eoinoide so strongly 
wi&Eaareei physical features as to beoome suggestive of sense and aftst. 
Though not susceptible of any very systematic arrangement tin* is 
some 'Parallelism between tin fractures lying in eottnes from west SO* 
to 85 north, also in another group bearing north Iff* rest, tin iatludsd 
angle approximating to that at which the range suddenly beads norths 
wards near Bakeaar. Other fruits assume nearly north and smdh at 
met and west directions. 
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▲ long fault stretches close by the south-eastern foot of Mount Tills, 
, „ bringing the lowest rooks there exposed against 

Tula fruits. 

steeply inclined or vertical beds of the tertiary 
sandstone and clay series : three minor dislocations parallel to the main 
one lie between the unbroken uniclinal of the mountain and the master- 
fault. The displacement here must be large, but cannot be exactly 
estimated, because of the positions of the rocks. The fault is lost in the 
sandy gorge of the B&nhfir river at Pind Sevika. 


JaUlpor findts. 


North of JaUlpnr an extensive and most complicated amount of 
faulting has taken place, bringing the groups at 
each end of the senes into junction, a large 
branch fracture extending along the western base of Chambal mountain 
(east) apparently to join the Tilla fault. 


One of the most considerable lines of faulted dislocation in the whole 


Kaisagu and DUjaba bolt. 


distrust coincides very much with the direction of 
the Bakxdla ridge, sometimes lying at one side, 
sometimes at the other, the line being certainly far from straight, and the 
whole dislocation appearing like an extended combination of shorter 
fractures. One of the results of this zone of fruiting is the exposure of 
• mass of nummulitio limestone on the sandstone and day ridge w 


Domdi; another is the way in which this limestone disappears at 
Ghortgali pass, among the overlying beds, the same or a parallel fruit 
ooconring here on the north-west side of the ridge. The escarpment of 
Dijjaba mountain is also oonnected with this line of fracture, which ap- 
pears to be itself displaced by a cross-fruit at the western end of that hill. 
In the neigh b ou r hood of Chel hill much contortion and great dislocation 
oodurs on both sides of the ridge, but mast towards the Potwar country. 
Whether the fracture is hers again oonnected with the mam line or 
not is obscure, but the fault with its original direction reappears on 
the north-west flank of JUrangli hill. Hem it tume-into the Ohoya- 
ISsidaa-Shah valley, bringing the tertiary sandstones against the salt- 
mail. Prom this valley the fracture bends down the deep Gamthalla 
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gorge, its throw having changed ride* and the tertiary sandstones, fee* 
being again brought against the salt-marl on the opposite aide from that 
which they occupy at the mouth of the Choya Valley. The fault k lost 
in the red marl at Makrdch, but another appears to start from the plaoe 
where it ends, running up the Malkina branch of this gorge to 
the west-north-west, and terminating, or becoming no longer traceable, 
at Kalar Kahir. Close to the latter plaoe, and exactly in the line of 
this fracture, the red salt-marl appears among the nummulitio lime- 
stone beds. The throw of this great line of dislocation, it will be eeen, 
varies, changes sides, and in places amounts to nearly the whole thickness 
of the eastern Salt Range rocks. 

In the neighbourhood of Vasn&l, on the northern side of the range, 
another complex group of faults encloses a hexa- 

V Mnfl g 

gonal patch of the red salt-marl surrounded by 
nummnlitic limestone on all sides but one, and there by the overlying 
tertiary sandstones, &c. ; just a fragment of some of the lower rooks 
above the salt-marl appearing in connection with it. 

From this place two lines of fracture nearly at right angles seem to 
start, one reaching to the head of the Nflawdn ravine and bringing a 
long strip of the tertiary sandstones, &o., against the underlying lime- 
stone. The other appears to extend by Badrde to beyond Dheri, where 
another complicated system of partly oonoealed faults exposes the red 
marl and some of the overlying rooks. 


Down in the bottom of the Nflaw&n ravine, crashing and faulting 


NOswIn, to. 


again appears, as also in the glen leading from 
Pail to Kutta, and another fracture coincides with 


the glen of Mursbgphoar. 


A long fracture, too, extends np the nearly straight Xdvhdd glen 
... from near Jabi in a north-east direction, and meets 

9 aeries of fruits at first bearing north-east south* 
west, but afterwards taking a westerly direction along the eliA near 
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Mar, Mid to the north of that lake, sending off a nearly parallel branch. 
The main fracture extends to the head of the Jimb glen, passing down 
which it is lost among a multitude of parallel and other dislocations. 

In the Chiderd hills again faults abound, and also in the Tredian 
hills to the north-west ; all the fractures between 
Ktvhtd and those of the last-named hills uniting 
with the frequent minor dislocations, to produce the greatest confusion, 
amidst which the true succession of the rocks can only with difficulty 
betraoed. 


The most extreme result of the fruiting of the range is the mysteri- 
WA>i ous, almost total, and abrupt, disappearance of the 

whole western series intermediate between the 
tertiary sandstones and days and the salt-marl. From near Khyrab&f 1 
to the Indus, the fruits themselves by which this has been effected have 
left such alight traces to mark their course that, were it not for the 
disturbance of the ground and the re-appearance of the aeries beyond the 
Indus, discordance would have to be inferred in order to account for 
the absence of the intermediate strata in this neighbourhood. 

If the range formed a simple symmetrical anticlinal curvature, its 
origin would be as easily explained as that of other 
mountains similarly constructed by the hypothesis 
of lateral pressure, in some cases accompanied by the se ttlement of the 
mass; but while the disturbance evidently tended to produce common 
anticlinal curvature, it only partially succeeded, so far as can be seen, and 
produced instead the uflidinal structure described, with a more or lose 
strong resemblance to the features of certain of the Sub-Himalayan hills 
bordered by fissures or what would amount to fruits, if not in some cases 
a bsolu tely dislocations. 

This resemblance is nevertheless incomplete, In so frr that the eeo- 
tions sores* the Sub-Himalayan ground expose the boundary fissures and 
adjacent structures, bat in the Sait Huge nothing whatever is known 
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of the rocks concealed along its southern foot or their positions.* Hie 
Kor&ua hills, forty miles distant, afford the nearest evidence in this direc- 
tion, and there the principal ridge, according to Dr, Heming,t has a 
uniclinal structure and northerly dip, like the Salt Range itself. 

The effort to recall a former state of things has been made by 
Dr. Fleming J in treating of the upheaval of the range, and again 
ir„ an elaborate manner by Dr. Verohere § when writing of the larger 
adjacent area. Dr. Fleming supposes three subsidences and elevations 
to have t&ken place before the great elevation of the whole range ; 
in the Miocene period or subsequently, and contemporaneously with 
that of the Himalaya. He also considers that the upheaval extended 
from east to west. 

Dr. Verchere contends that the whole of the embayed ground 
between the border ranges of North-West India was uplifted into an 
open arch or dome-shaped anticlinal bordered by fissures, along one 
of which, perpendicular to the others, the arch was broken down, 
leaving the Salt Range as its uptilted extremity. Both of these 
authors, Mr. Theobald, If Mr. Medlicott,|| and Mr. H. F. Blanford** 
agree in attributing the elevation of the range to later tertiary times,— 


s No deep boring* are known in the vicinity of the Salt Benge s the weUi for the pirn 
of ftfe railway bridges on the Jhdum end Chenlb rivers ere entirely in detritel deposits, 
and these deposits only have been found in a boring at Anihfl a between the Indus and 
Ganges basins. This boring has been pot down to a depth of *00 feet, the altitude of the 
locality being 019, so that the bore-hole has nearly readied sea level. — Professional Papers, 
Boorkee (Rdrid). No. 18, voL ii. Major Thackeray, B. £. 
f Authority cfyed, p. 446. 

X An. oik, p. 864. 
f Ditto, p.8* 

Authority died, pp. 6*6-647. 

|| An. dt, p.174 
•* Ditto, p. 1*8. 

H 
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from the Hiooene to the Siwalike of India, — and most of them are 
in favour of the more recent period. Without entering* into recondite 
theories of deration here, I may point out that the whole of the Salt 
Bange series, up to the top. of the nummulitic limestone at least, 
being conformable, and this series, together with the overlying tertiaxy 
beds up to the Siwalik group partaking of the general disturbance, the 
last deration is shown to have taken place, or to have been going 
on subsequently to the upper tertiary period. The evidence afforded 
by the rooks is too uncertain to show whether this action was remittent 
or recurrent, but the varied nature of the whole series would suggest 
many changes of level.* 

The subsidence alluded to by previous writers as necessary for 
the accumulation of several thousand feet of tertiary strata, would 
indicate a depression of far greater amount than the present total elevation 
of the range, and the break in the tertiary series, just above the 
local nummulitic limestone, dluded to by Mr. Medlicott,t might well be 
connected with some of the more recent oscillations. 

So far as I can judge, the structure of the range leads to the 
inference that its existence is due to complicated lateral compression 


* The Salt Bange gives indications of the existence of land at no gnat distance, con- 
temporaneously with the fo rm at ion of several of its boulder beds, even so far back as the 
period of its earliest groups, and .again at various stages up to tertiary times. In one 
case a section in supposed Triassic beds, between Pid and Kheuni, exposed what seemed to 
he an old ifcfer course. The transported fragments in these boulder beds include very 
similar varieties of crystalline rocks irrespective of age, and amongst them rooks unknown 
to exist northward of the range. This suggests the idea that the land whence these frag- 
ments came may have been situated to the south. Other indications of oontempesaiy land 
in that direction may be found in the fossil vegetation of the newer reeks ae*well as their 
remains of land animals. 

t Records, GeoL Sur. Ind, Vol. IX, p. 55. 
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under Unequal conditions of resistance, which in a late tertiary period 
developed itself in local disturbance along one or more lines of fissure ooin* 
ciding with the direction of the nniclinal escarpments, the whole of 
the features having been subsequently much modified by meteoric 
erosion. 


The strongly marked relations which often exist between the farms 


Relations between the 
form of the ground and 
its geological structure. 


and structures of mountains are seldom more evi- 
dent than in the Salt Range. In this case they 
result from much disparity of texture in the differ- 


ent strata, and they are most pronounced where the disturbance has been 


least violent. 


Not alone are these relations observable in detail, but they affect the 
range generally, for its strata differ from those of the neighbouring lower 
country (where these can be seen), and the outcrops of many varieties 
of the rocks are indicated in the forms of the ground. Thus the Rudder* 
country of the northern slopes is always formed of soft sandstones with 
innumerable alternations of clay bands ; the plateaux are chiefly com- 
posed of limestone, rarely overlaid by some beds of the succeeding group, 
and all the escarpments are formed of the hard limestone, of still harder 
dolomite or magnesian sandstone, or where this is absent, of massive or 
uniform beds presenting a relative contrast of texture to others in their 
vicinity. 

The escarpments frequently exhibit three or more groups of different 
Esoaipmaifa, Jbo. hardness, some of them producing under-diflh, and 
many of the slopes both on the plateaux and along 
the unscarped mountain sides are derived # directly from the bedding of 
the rooks. 


On the south ride of the range below the solid escarpment the frag- 
IMrintognUton, south *nentary atratigraphical relations all but defy itf- 
tfee ftsagOi * terpretation, the transition from continuity to 
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disruption being frequently impossible to trace. Limestone tracts are 
often found with a gentle slope in a peculiar semi-disintegrated state, 
the rock although not being in situ is yet unmixed with fragments 
of other rocks and retains sufficient of a former stratigraphical position 
to conceal the beds beneath. Outlying patches of such half-degraded 
rook may be sometimes seen in contact with, or resting upon, a lower 
group, to the exclusion of other intervening layers washed out from 
beneath. 

In parts of this dislocated country as many as twenty chief lines of 
division may be traced, often between widely different and abnormally 
placed rock masses, and taking as many different directions within one 
square mile as there are lines; where such confusion prevails, the, 
difficulty of distinguishing between faulting and land-slip sometimes 
becomes an impossibility. All this dislocation and disarrangement is 
generally referable to geological and stratigraphic structure, and espe- 
cially to the occurrence of soft saline marl, gypsum and rock-salt 
beneath superincumbent masses of hard solid limestone, or other rock, 
having allowed the upper bed to sink into any accidental position of rest 
as the action of disintegration .went on. 

In the Upper Punjab rains are scarce or inconstant, capricious or 
limited, in great measure, to hills of greater altitude 

AvB0fbii6nc influence*. 

and extent than the Salt Range ; the climate of the 
country is marked by a large daily range of the thermometer; the 
seasons are extreme, and for most of the winter months the conditions of 
a desert prevail— intensely dry air and bright sun during the day, and 
exoessive radiation of heat, causing frost, at night. Such atmospheric 
influences are most likely to operate strongly in altering the form of the 
ground, particularly where many of the rocks are absorptive or saline as 
in tins district. Add to these the effects of the strong dry winds 
which prevail at certain seasons, and it will be readily understood, 
that with heavy rains succeeding intervals of drought, there are causes 
( » ) 
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iii operation sufficient to account for a large amount of meteoric 
denudation.* 

If anything were wanting to prove the extent of this erosive action, 
the rain-worn surfaces of the limestone plateaux, the numerous little 
patches of level ground, remains of former flats among the Kuddtras, 
the pinnacles and profound ravines along the escarpments, and the mass 
of detritus brought down by torrents, would amply establish its existence 
and its power. To this agency alone, operating upon suitable materials, 
can I attribute the removal of the once overlying tertiary sandstones. 


* The rainfall at the following stations near the Salt Range is taken from the Pan jib 
Government Gazette fo~ three years * — 


Non or Station 

1809. 

1870. 

1871. 

i 

© 

h 

S3 

l» 
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iii 

in 

i 

l 
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i 

3 

?! 

1* 

Hi 

SsZ 

lit 

tit 

Its 

i 

i 

i 

i 

i 

H 

Iii 

Ss£ 

& 

ffs 

i 

1 

I 


In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

Jhelum, east of Range ... 

61 

10*9 

13*8 

17*9 


21*9 

10*1 

13*0 

219 

Shahpfir, south of „ 

131 

7*9 

14*9 

9*0 

9*8 

16*2 

10*4 

11*# 

17*0 

Chakowil, north of „ 

... 

• •• 

... 

... 

... 

aaa 

9*1 

7*0 

18*0 

Tnllagung, „ „ ... 

see 

eat 

... 

... 

... 

aaa 

7*8 

7*4 

18*8 

Hnd'Dfdun-Khin, south of 










Bange 

• as 

• aa 


... 

... 

• aa 

9*8 

11*0 

14*6 


From thU It wotfld appear that the gmml .Tenge rainfall of the eoimtry In wUoh the 
Buga ia titrated it equal to about 16 inaha. Hr. Login, In « paper which ha. r.: 
speared in VoL XXVIII, Journal of the Qeologieal Society at London, p. lBfl, think* that the 

lalnhll at the Pm>4<h h «ha .am. - — — “ ' — ft • j- g— * — T Tinrn i uhlrtml 

to tha mountain*. Dr. T*ehera, at faction 98 of hii paper preriooal; ntend to* afrgru* 
that at the beginning of tba mioecM period In tixae region the ninfail wa* atmin. 
meabling that of Patagonia. «*»—«* 
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tiw cutting of the Indus* and other gorges, and the excavation of preci- 
pitous valleys over 1,000 feet depth. 

It has been thought that the cliff feature, here so striking, resulted 
Hsrinc onion. fr° m marine erosion; of course this may have 

taken place, but so great has been the subaerial 
denudation, that the traces of marine action would now be sought in 
Tain. 


*&n Vc K,lley 


.fekrsei* Jf umt m t i 



Fig. 8s— Profile of Bftn Sakesur basin. NatanI scale | inotml mile, 
r Mountain, 6 miles to west. 


85n Plnta m lmV— - 


The salt lake basins of the Sdn valley present some peculiarity as 
to their excavation; the largest, the Ssmundar lake, 
at an altitude of 2,626 feet and with a catchment 
of about 60 square miles, copers 6 square miles of surface, and 
varies in depth and area with the accession of rain water, but is usually 
shallow. It has no visible outlet, and the difference between the altitnde 
of the lake and that of the lowest part of the edge of its basin may be 
less thqp 100 feet. The greater part of the basin is formed of limestone 
and is rocky, but in an easterly direction there are large deposits of 
coane detrital materials that may conceal some spot where the water 
could have escaped, before the passage was blocked up by their accumu- 
lation. No sufficient reason for calling in the aid of idle to assist in 


• 12 only a oojmridenoQ, ft may be observed that the depth to which the last results of 
afanoapbnie eroatan have reached at the water escape of the Indue from the hills, is nearly 
equal to the whole fall of that river from XAUbtgh to the aea. The avenge of twenty 
heights on the Fotwar pla t ea u gives 1,426 feet, and the depth of the Indus gorge it 
Xtitfafgli, inolndisg that of the river itself, is about 660 feet, the fall from fbCneetotbe 
sea (taken from the height on the map*) being equal to 681 feet, or 82 feet lees than half the 
amage elmtiflncf'tbe Fotwar country. 
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explaining the excavation exists, and though there m ay have been for* 
iberly subterranean passages through which dissolved portions of the 
limestone could be carried off, the saltness of the water indicates evapo- 
ration as the main cause to limit the area of the lake. 

The Khabaki lake at 2,481 feet of elevation is in an even deeper, though 
much smaller, depression of the Sdn ; like the Samundar, it has no outlet 
either. It is 276 feet lower than the nearer summit elevations, and from 
114 to 106 feet lower than the least elevated part of the margin of its 
basin ; this also appears to be more completely a rook basin than the other, 
and both, if filled, would discharge into one of the heads of the Narsing- 
phoar ravine. Another and smaller lake is that of Jalar to the south- 
ward, also without an outlet. All are situated in limestone tracts, and 
though probably connected with “ swallow holes ” or the damming up of 
former water passages, the size and form of some of the b&ins render 
local subsidence not at all an improbable cause for their existence. 

Under existing circumstances, and with nothing to carry away ac- 
cumulating water except evaporation, these lakes must be gradually 
silting up. 
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CHAPTER III. 

8TBATIGBAPHI0 GBOL0GY, 

The Salt Range and the neighbouring parts of the Himalaya are as 
unlike in geolojgieal structure as adjacent regions containing several 
of the same formations need well be. The Kh&sia hills,* eleven to 
* twelve kindred miles distant, occupy a somewhat analogous position 
vyith regard to the great chain, yet notwithstanding the distance, the 
geological section of that distant locality is not more dissimilar than that 
of the nearer known Himalayan regions described by Mr. Medlicott,f 
Dr. Sipliczk&,j: and others.} From the Salt Range to the Khrfsia hills, 
the structure of the ground concealed by the Gangetio or other alluvium 
is quite unknown, and in other directions, towards the peninsula of India, 
so far an the country has undergone examination, its geology is equally 
different from that of the Salt Range, so that the latter becomes unique 
if its geological features do not extend westward and south-westward. 

* 

The disparity with the Himalaya consists not so much in the absence 
Disparity with Him* , of formation* common to both as in the relative 
Isjan regions. character of those represented ; the deposits of each 

possess petrographic and paleontological characters peculiarly their own, 
analpgopi to* the distinctions markiog the “ Alpine" and “ extra Alpine" 
regions of continental paleontologists. || 

Some eyfbt fossil species are mentioned by M. de Vemeuil as com- 
mon to the carboniferous series both of the Himalaya and the Panjfib, 


• Hem. Gaol, Survey, India. Vol. X. 

t2M.yrf.ia 

t Ibid, Vrf. V. 
fJM.Vrf.BL 

|| TUfl analogy was first suggested fay remarks of g* M Isaj— jluli D$ , Gttycrfn 
madeftthfle examining a few of tbs Satt Hangs fosrils I haft rfftacM. srf rfrf fa gg s rfi an 
a e sa w d hosaagat fay Dr. Wasgan's field examination! in the Upper Mjftfa* 
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and these include some of the Salt Range forms/* but with this exception. 
Dr. 'Waagen's acquaintance with scattered Upper Puqjib Himijayau 
localities tended to show that the fossils of their formations, otiiftr thjm 
carboniferous, compared with the Salt flange, possessed facies as distinct 
as the petrological characters of the rooks which contained them.t 
The latter distinction, too, varies in degree, the rocks older than Num- 
mulitic being least similar in each region ; the nnmmulitics, though 
distinguishable, approximating, and the overlying tertiary sandstones 
and clays being most alike ; indeed, they belong to the same great 
series,! in contact at either side with the inferior rooks of both regions. 

Sock Groups . — For the sake of conveying a comprehensive view of 
the vanous groups and their distribution, J annex a diagram, PI. IX, 
in which their lateral extensions are shown to scale, and give a short 
reference to each before describing them more fully. They are naturally 
divisible into groups, thus : — 

No. 1, — The lowest is the gypseous red salt marl with rock-salt. 

No. 2. — The group which succeeds is less constant thaq the lagt, 
but its massive purple sandstones are prominently seen 
in the southern sections. 

No. 3. — Overlying No. 2 is a zone of softer nature and darker 
colour, black to dark gray argillaceous beds/with harder 
bands. It divides and dies out to the westward, and it 
contains the oldest fossils met with — Silurian. 


* Since the above was written, a specimen of Produoku Mumboldtn, D* Orb , has been 
found erratic at the northern base of some bills sooth of and dose to Hessen Abdal by 
Mr. B. Lydekker. This is a Salt Bangs spades, and may indicate the occurrence of a repre- 
sentative of tiie Salt Range carboniferous group among the outer Himalayan bilk 
nearer than the great ranges of the Himalaya beyond the Kashmir valley. How far the simi- 
larity of the group to the Salt Range carboniferous may extend, repaint to be discovered. 

t The difference between the numipulitic fqjMa the Suh-Hfanalyie (Sahdthn) and 
the Belt Benge was long stone pototed out ty iPAnhiao And Haim* and mentioned in 
Mr. Medliootfs SriWBnsekyaa Jffcneb. 

t Sopfemtfd, in i Ifed Lower Sind, -the marine tertiary beds, newer thandihe 
numpnBtjfl, ere entirely Jtikreril from these, Mem. GeoL Sow. Ind H Yd IX, pt. 1 

( 65 ) 


WYNNE : GEOLOGY OF THE SALT BANGS IN THE PUNJAB. 


6ft 


No. 4. — The last group is closely succeeded by a strong and fre- 
quently much harder zone, characterised to the east by 
hard magnesian and other light-coloured sandstones 
with beds of dolomite. It also dies out westward. The 
continuation of the succession above this group differs 
t in different parts of the range. 

No. 5.— Near where No. 4 becomes divided and no longer trace- 
able as a connected group, its beds are succeeded by a 
softer and coarser set of granular, strongly bedded, 
sandstones, surmounted by pale laveyder-oolouipd clay. 

No. 6.— Resting immediately on the last is ^fljroup of limestones 
chiefly crowded with carboniferous fossils, and only 
developed at the western side of the range. 

No. 7. — So intimately united with the preceding as te appear to 
form a conformable upper portion is another group of 
limestones, sandstones and shales or days, in which 
fossils are numerous. It is not quite so extensive 
laterally as No. 6, and between these lies the boundary 
separating the paleozoic and mesozoic rocks, this upper 
group being of Triassic age. — (Waagen.) 

Mo. 8.— -To carry on the succession we must again turn to the 
eastern part of the range which groups 6 and 7 do not 
reach. Here, resting upon No. 4 and disappearing near 
the commencement of No. 5, is a group of t^pn, flaggy 
mudstones interstratified with blood-red days, which, 
from its general relations to the rooks above, has been 
con s idered to occupy nearly the same place as the dis- 
tt# No. 7, both being- probably Tru&io, 

though thiecan only be decidedly elated for the former. 

* t 

No. 9.— Ihe next gtoqp lien u the Ar^eat of, the rUfft eneeeed- 
. iog No. 7. It oonti&n* white, 4%, «nd eefct ettdatonee, 
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with yellowish and gray limestones, and lyelkfl^marll. 
Its fossils an numerous and of Jurassic age. 

No. J 0.*— Newer than the last, but never in oontaot with it, is a 
zone of soft, greenish brown, and olive sandstones, 
conglomerates, and dark shales. It eomttHlioe* in the 
eastern part of the range, extending fifrthdr west than 
No. 8 or any of the underlying groups to the east; 
fossils are most rare and ill-preserved, but such as were 
found were considered by Dr. Waagen probably or eta* 
ceous. 

No. 11 group is the massive white or light*ooloured nummulitio 
limestone forming so marked a series of cliffs and 
escarpments, and of which the summit of the range 
consists. It disappears in the dislocations at the Indus 
and also thins out to the east. 

Nos. 12, 18, and 14 include the portions of the tertiary sandstone 
and clay series overlying the nummuliiic limestone 
Three sub-divisions of it, including Nahan and Siwllik 
beds, have been recognised, chiefly in the east part of 
the district, by Mr. Medlicott. 

No. 15. — In this may be included the alluvial and other super- 
ficial deposits, together with an older diluvial or poet- 
tertiary conglomeratic group. 

The .presence of a few small exposures of a peculiar trappean rook 
will be noticed in another place. 

From this and Plate IX, it will appear that the rook groups 
are irregularly distributed laterally. Qjp^fee whokJfcaofading the more 
recent), seven are found tojtbe efu$ i end saved or e%M ttf the west* two 
only, or at most three, being continuous throughout the range. Four 
of the w4stem gtnupsjare absentia .eastern sections, and four belonging 
to the fitter e*e unrepresented fd dfe*wes t, while of these eight only two 
mgf belorfc tAtbe tame period. 
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The , sub-divisions as indicated all possess sufficiently well-marked 
petrographic characteristics to enable them to be distinguished. If 
some hesitation pn this ground might be felt, as to the boundary between 
Nos. 6 and 7, it would be removed by paleontological evidence. The 
fact of superposition establishes several of the groups, but some, though 
probably related, are so distant from each other that this clue to their 
place is absent, and when fossils are entirely wanting, aB in Nos. 1, 
2, 4, 5, and 8, their geological age becomes less certain, though their 
places in the series may give some aid as to their approximate position. 

Of the older groups, No. 3 only has yielded fossils and at but two 
places, where several small shells of the genus 

Fosciliferoui beds. r 

Obolu s* Eichw., or Biphmotreta , Vem., were 
found by myself and determined by Dr. Stoliczka,f thus indicating an 
age not newer than Silurian. 

In group No. 4, obscure Fucoidal impressions have been met with, 
but nothing determinable. Group No. 6 abounds with well-known 
carboniferous species and many new ones according to Dr. Waagen. 
No„, 7 contains quantities of Gaitropo)a and bivalves of Triassic age, 
(and some which Dr. Waagen thought might possibly show the lower 
beds to belong &b the continental Dyas). No. 9 has numerous Bolemnites 
aud other jurassic fossils as recognised by Dr. Waagen and previous 
observers. No. 10 has furnished but scanty and obscure paleontological 
evidence, while No. 11 is full of ill-preserved nummulitic fossils, and 
the tortiaiy sandstones, &c., above frequently contain mammalian bones, 
crocodilian jtpd other remains. 


Perhaps the most remarkable fact relating to the fossils found in 
OtfbenifeKNifl Immu *he Range is the discovery of true Ammonites 
****** in the carboniferous rocks near «Tabi, collected by 

Dr. Waagen fciyna bit (See Mem. Geol. Surv. India, Vol. IX, pt. 2)*. It 


• Bee renuKks on Obolu*, with pitta, by T. Davidson, Bsq., F.G. S. 4c, “On earli- 
mt forms of Hraehtofod* hitherto diqpovered in the British Palaosole eocM.**— Geol. 
Msg, VoL V, p. 808. 

t Dr. Waagen has seen these fossils in titm and cleared some specimens tor further 
determination, bat did not decide to- which of the two genera they belonged,,*) far as I am 
aware.* 
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is greatly to be regretted that his examination of the Salt R a nge col- 
lections, so unfortunately interrupted by his illness, was left incomplete.* 
Observe . — In this and following tables the rocks are arranged in 
natural order, lowest beneath and newest at top, as printed : — 

'Salt Bange Series . 

Quabtbbhaby. Feet 

Alluvial and*) / Bain-wash, alluvium, and superficial deposits. 


Alluvial and ^ / Rain-wash, a 

sub-recent. ( j 
Post Ter- ( 16 1 Pebble beds 


Conglomerates 


various thiokne 


Pliocene P 


Caivosoio. 

14. Upper Riwalik Conglomerates, drab and pink days ... 

' 18. Lower Siwalik .. Gray sandstones and red clays, with 
Bones 

[ 12. Nahan Greenish-gray sandstones crocodilian 

remains and fossil wood 

11 "Upper limestone” Nummulite limestone Ac., large Gas- 
of Salt Range. tropods. Bivalves, Echinoderms, Ac. 
Mesozoic. 

10. Olive series ... Olive, reddish, and white sandstones, 
calcareous beds, black shales with 
boulders, Terebratulm and Bivalves 
9. Variegated group Red and white and variegated sand- 
stones, yellow and gray limestones 
and marls, some hnmatitic layers. 
Ammonites 1 Belemnttes, Ac. 

8. Pseudom orpbic Red and lighter-coloured flaggy sand- 
salt-crystal zone. stones and blood-red clays or shales, 


800 to 2,000 
1,200 to 7*600 
600 to 1,000 


"Lower limestone” 
of Salt Range. 


salt-crystal zone. stones and blood-red clays or shales, 
pseudomorphic salt-crystals 

7- Ceratite beds Gray limestones, calcareous sandstones 
and gray marls weathering grecnlafti, 
Ceratxtes, Ac. ... 

Palaeozoic. 

6. "Lower limestone” Gray and magnesian limestone, cal- 
of Salt Range. careous sandstone and argillaceous 
beds, numerous Produett s, Spirtferm, 
BeUeropkon , Oontahtes, and many 
other fossils 

6. Speckled sandstone Speckled, reddish and white sand- 
stone, red and lavender clay 

4. Magnesian sand- Light-coloured magnesian sandstone, 
stone. dolomite-sandstone, and shales 

8. Obelus or 8ipko- Black shales with glauconitic cal- 
uotreta beds. caseous layers and sandy bands. 


P .. 

Eruptive 


2. Purple sandstone.. 
Diorite P sad Ash 


P 1. Saline Senas 


Light-coloured magnesian sandstone, 
dolomite-sandstone, and shales 
Black shales with glauconitic cal- 
careous layers and sandy bands, 
Obolus or 8*phonotrata 
Deep purple sandstones ... 

A lew exposures connected with the 
salt mail close up to base of Noji 
Bright scarlet gypseous mills wfK*i 
sfiiAfr Mi dFnoek*a2t» m iantf i 
dehtiStie layers M ... ) 


* • He whole of the collections from Jibe and me so ao t o 

fislt Range bave^ately been sent to Dr. for Ascription in the P 


280 to 460 


800 to l,8p0 
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The whole of this great series, from the red marl up to the post- 
tertiary group, presents a general and regularly 
successive parallelism of stratification, each group 
succeeding the one it rests upon without the intervention of any marked 
traces of erosive action.* In a few isolated cases the upper surface 
of the highest carboniferous layers has been found locally rugged, as if 
the upward succession were less regular at that horizon, but in its 
general aspect it presents no exception to the rule.f 

Hnmatitic layers have been observed in some instances to mark the 
junction of some of the upper formations, both where the succession 
indicates the greatest irregularity and where it exhibits the least. 

One break, indicated by derived pebbles of the lower rocks, at the 
junction of the tertiary sandstones with the nummulitic limestone, 
accompanied by as much parallelism as elsewhere, will be noticed 
further on. 


Saline Series. 

Red Marl: Gypsum: Rock-salt. 

The saline series is distinguished by the predominancei of marl, in 
colour fright scarlet to dull purple, containing 

Kml yfo» x# 

the rock-salt, gypsum, and some subordinate dolo- 
xnitic layers, all forming together the lowest member of the series. In 
every section and every glen where the section is seen, the gypseous 
snail may be clearly observed passing beneath the next group and 
underlying all. It is glways succeeded by dull earthy sandstones or oon- 
gtomeratic beds, and always presents the same peculiar aspect. 


• la fee Qatojpfinalsya* it flfrban mountain, near Abbottabad, there ii marked 
nnoonforH^y^hheT^aa ta» tadfag span the anppoeed Silurian elates, * 

f Tbk unbroken ppeuge of 4k» awto Falsoaoie to Meeoaoie tarnation*, tfco 
dtoM i mi Mag ehiafly marked 1|h bails alone, aeema also to charaoterb* the an totf* 
fts ibeim kjHDr. Stolieska's Uaotisnp and Ida pap*— aaojflfa. 

X w > 
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Its brilliant scarlet colour, together with the arid of the ground 

it forms, distinguish this rook p£ttk all tW pther 
mf * groups. Under vertical sunshine it patea eo&jpd- 

erably, owing to the slope of the ground, and to the associated whiter 
gypsum being more visible ; but when the sun is low the marl glows vividly 
in the slanting rays, reflections of one surface upon another producing the 
softest and most velvet-like transparent shadows, while parts of a dull 
purple colour vary its monotony, and, at a sufficient distance to be in- 
fluenced by the bine of the atmosphere, this gives rise to many harmo- 
nious effects. 


Composition. 


The marl forms the most noticeable portion of the saline group, but 
in close association with it are thick beds of gypsum and thioker ones 
of rock-salt. It is tough rather than hard, but when very diy, possesses 
much the consistence of snn-dried brick. 

According to Dr. Warth's examination, it contain* a quantity of 
gypsum, and from Dr. Fleming's account I extract 
the following : “ It does not disintegrate when 
treated with hydrochloric acid, but in powder effervesoes strongly, the 
greater part remaining undissolved as a red mud composed of day and 

ip 

sulphate of lime ; the portion soluble in aoid consists of carbonate of 
lime and carbonate of magnesia in about equal proportions with a 
little alumina and peroxide of iron, to which it owes its colour/' * With 
this composition the name of "gypseous marl" is not inapplicable. 

Beyond the gypseous, saline, and dolomitic layers the red marl beam 
stratification ukt thick- f«w original traces of stratification, or inter-etratU 
ne-B * fication, generally none atfell ; henoe it is ’difficult 

to form any correct idea of its thickness. Supporting it to have, whjttpn 
most largely developed/ the same nearly horizontal stratification as dflUr 
groups in its vicinity, and reckoning from the height of the mountain 
slopes which it forms (near Kds*k), it would appear tftb^tfjfiSt 
|let in thickness. It may he doubted whether another mmtfm eduM %* 


£JL 


340 . 




rJUT 



74 WYNNE * GEOLOGY OP THE SALT EANGE IN THE PUNjiB. 

found of such a homogeneous, argillaceous and aqueous deposit of the 
same depth in which signs of stratification are equally absent In strong 
contrast to this is the perfect lamination frequently seen in the enclosed 
salt, and in the platy dolomitic layers. From the contorted state of the 
latter, and the curvature of the beds of salt in some of the mines, it may 
be presumed that, whether stratified or not the salt marl is likewise 
disturbed. It has never been found to show any traces of erosion before 
the deposition of the next group. 

Dr. Fleming speaks of parts of the ngarl aW* brecciated, enolosmg 
angular masses of other rocks, and mentions thii^ argillaceous, dark-red 
layers in it. The latter I have not been able to detect and the former 
observation seems to refer to some superficial mingling of fallen materials 
Every one who has examined |he ground pronounces the marl un- 
fosailiferous, but I am not aware that any of it has been subjected to 
microscopic examination. 

It may be found in the most complex association with various other 
groups, and through faulting it iB brought into juxta-position with some 
of the very newest rocks of the series, or it may bqf apparently inconsecu- 
tively overlaid by various bands — a result of progressive displacement, 
in most cases caused by the dissolving of the salt or washing out of 
the marl from below the supe^or groups. It thus continual)y»makes its 
appearance among the stratigraphic wreck which it has itself produced, 
and it is not completely buried by the mass of the dVerlying series, frac- 
tures permitting it to appear occasionally on the top of the range and 
along its northern slopes. Along the southern foot of the range it is 
seen wherever the ground is not thiokjy covered 
«©& by debris, it rises pretty high to the eastward ; 

at Khewra to 1,900 feet nearly ; at Ktisuk to between this and 1,500 ; 
at Mount 'GbambaL (west) to nearer 400 feet ; but westward of Makrfeh it 
lies generally low. At Vareha it is again high; it has been found 
Dberi in the plateau country dose to an elevation of 4,739 feat, and w 

< T4 ) 
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^8 a hill of some 497 feet* above the plains at Ifdri oa the 1 nM» 
On the north side of the range it ie found in a small gkn a& Vaanfl, and 
obliquely traversing the slope from Kalar Kahfir hike to wtsfe^y-Mrih* 

The only non-oonstitoent minerals whioh the marl is known to eon- 
tain besides the gypseoos and saline ones are bs» 
pyramidal quartz oryst&ls in the gypsnm of Miri 
(said also to be found at Sardi), scattered crystals or nests of iron pyrites 
in the gypsum also, here and there, and earth -oQ intercalated with the 
gypsnm of Khewra gorge. 


As to age, the salt marl has been referred to Triassio, New Bed 
Sandstone or Permian, Miocene or Pliocene, bat it* 

Age 

is now known, from the way in which it passes 
beneath the overlying beds, to be not newer than Silurian— -a fact de- 
pending upon the discovery of Obolua or Sipkonotreta in the group 
No. 4 . Beyond this its place cannot be as yet more definitely fixed* 


Besides the disseminated gypsum, the red marl contains extensive 
Oyptnm . b©ds and masses of this mineral, often largely 

developed in its upper part, but also more doubt- 
fully present in lower situations. As a rule, the gypsum overlies the salt. 
Sometimes it is interstratified with the marl, sad sometimes it appears as if 
former beds had been broken up, or partial!^ dissolved, leaving large frag- 
mentary masses embedded in the softer rock. Contorted or even distorted 
lines of stra&fimtfon'feretfound in the gypsum, but it has never been found 
to contain any detrital pebbles or foreign fragments. According td 
Dr. Fleming, it is nearly pure sulphate of Kmc, free from carbonate of 
Kmc. Its texture varies from oompaot and sub-crystalline to noehtriy^ 
and plates of dear selenite are also found. Its eolour is w hi te r <* Wfrtta? 
mottled with grey or bluish grey, or it i> cometimea pink or » i t 
the more compact nriatw in need for (anaf into MMlMd 
utmrila. 
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Although the gypsum occurs in great quantity, true anhydrite haa 

Semi-anhydrite. never been found associated with it or in the marl, 
the nearest approach to this mineral being Certain 
large nodular cores of greater weight and hardness and of a bluish white 
tint within beds of the whitish gypsum. Specimens of thip node were 
found by Dr. Warth to contain only 5 per cent, of water. 

Bischof says : Sulphate of lime ah high temperatures under pressure 
crystallises with 6*21 per cent, of water, thus forming a semi-anhydrite* 
(anhydrite bring of course waterless and gypsum containing 20*79*1* per 
cent.), and coming close to the Salt Bange rock. Gypsum (according to 
Bischof also) may have three-fourths of its water drivdta off byriong«sex- 
posure to boiling temperature, leaving the same percentage nadny a* in 
Dr. Warth’s specimen. Hence it would appear that if this be an original 
rock, a high temperature may have existed daring its formation, J or 
heat may have acted upon it since its deposition. If neither he the case, 
the situation of this semi-anhydrite may suggest the transition of the 
rode from anhydrite to gypsum by taking up water. This variety 
melts away or changes into finely crystalline white powder below the 
surface of a stream highly charged with salt in Khewra gorge. 

Sometimes in thick masses of the ordinary gypsum, there oocur layers 
T Vr , w .u r , i. BTP . of white, brittle, hard flaggy dolomite which looks 
tan. and bums like a limestone. At oiyB or two places, 

notably at the southern foot of Mount Tilla,§ these dolomite layers 
contain numerous and very perfect oasts of large “ hoppet-shaped" crystals 
of ealt The same loud of rook beoomee massive at the western foot of 
Mount rV 1 " 1 " 1 (east) northward of JalAlpdr, also an Khewra glen, 
wiser* a foetid variety is associated with the peculiar eruptive rook of 


a BhelaC msedeailt porks Mr Staafmt, C. X. M. FMteg, Halls, p. 48. 
t am Vidt Via*, and so*. Dm*. 

1 themmiatC fasi&Ui TtSkf U attested partly to Wl *pci*gi.— Kali* 

Mm. fla* nwv.bd. v* v. p tm. 

| ItMtatawrad Ip Dr. Wartb. 
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SALIHf GBOUP. 


75 


the locality and with coaly-looking highly bitnminona shake occurring 
as a pocket or small lenticular mass.* 

In several places, and apparently low down in the salt marl, hard, 
thin, dark, platy, gray, or greenish layers of what appears to be also 
a sandy dolomite with shaly partings, have been met with in several 
places : they may perhaps be the thin beds of chert and silicious sinter 
Of Dr. Fleming’s paper (p. 240). 

In a few spots — fewer even have been placed on record by others— 
I have mot with some irregular patches of a dark 
Trap ' purple compact to earthy volcanic-looking rook. 

It occurs associated with gypgum and reo marl close to the upper surface 
of the saline series, just below the purple sandstone (No. 2). It has the 
appearance of a diorite, and is associated with paler purple volcanic tufa 
or ash. It is crowded with stellate accicular crystals of what may be 
decomposed actinolite,t and contains strings and nests of talc, small 
geodes of reddish and clear quartz and chalcedony, minute cavities filled 
with reddish calcite, strings of quartz and white specks of some decom- 
posed minesal not sufficiently abundant for determination. I have not 
observed this trap in dykes, but in nearly horizontal lenticular layers from 
a few inches up to 6 feet thick or even more ; in some places between 
gypsum bands, sometimes having a thin layer of the red marl between it 
and the overlying sandstone, or, as in the Nflaw&n ravine, lying between 
rock-salt and gypsum. Here it is partly decomposed, but may have been 
15 feet thick. The associated violet or lavender earthy portion is used by the 
natives instead cl soap.J It generally overlies the more solid rock with an 
irregular thickness up to 4 feet. Mr. Theobald seems to have found 

this rock in a more dyke-like position altering the adjaoent rocks— an 

♦ 

• Some of the ehale mads a fine Mating lire, decrep i tating while burning and leaving 
mttoh ash, also giving off sMphuioas fumes. Itam this rook fir. Warth obtainad $ d a il y 
mineral oil bj fUstittsttao. 

t Tremdltei Fleming, * MS, and Theobald, p. 070. 

t Not unlike the ashy Msgs with the vsbaaie-loekfeig tafo-nsmmmditle lstsrlim In 
Xaehh<— ttsm. GeoLSar., V*L XL 
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observation difficult to moke on account of the general decomposition in 
its vicinity where 1 have seen it. In the Upper Khewra gorge the 
following section occurs 


8. Purple sandstone 
7. Bed gypseous olay ... «. 

6. Lenticular mass of trap, maximum .. 
5. Greenish day ... ~ 

4. Powdery dolomitic layer, white ~ 
3. Bituminous shale ... &» 

2. Dolomitic laminated bands 
1. Red marl, gypsum, and salt *. 


... 0 to Ofeet. 

••• 10 to IS ,, 

S to S ,, 

••• 

4 w 

~ 6 inches. 

... 15 feet 

1,000 „ 


The rock-salt is found near the upper part of the red marl as a rule, 
and generally just below the greatest development 
of the gypsum, with which its stratification is 
parallel. It alternates with thick, dark-brownish red beds of fmpure 
saline marl, called by the natives kallar , and is pink, reddish, or white, 
rarely having gray blotches, but frequently showing numerous alterna- 
tions of laminoB of small thickness, reddish and white colour and different 
degrees of opacity. 

The marl, gypsum, and salt, all yielding rapidly to the wasting action 
of the atmosphere, which reduces the whole to a state of obscurity, it is 
difficult to find any natural sections from which to gather the detailed 
structure of the saline zone. In Ehewra mining region, where a 
portion of the saline deposits has been most fully explored aud a survey 
of the mines made, the lowest bed of the series as known there is a bed 
of salt, but this is insufficient to show that salt-rock is always the lowest 
member of the series. 

The various modes of concealment, natural or artificial (to prevent 
theft), combine to prevent an idea being fortned of 
ctund*. the lateral extension of the salt beyond what may 

be gathered from its very frequent occurrence along the southern foot of 
the range. As to its thiokness, whether local or otherwise, the gnat 
Cavern, excavated in it at Ehewra, Varcha, and other localities (some <rf 
which see large enough to contain good-used parish oburche* or large 
houses) give a general notion of the massive ofcpnofer of the deposit. 

( W ) 
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At the Mayo Mine* Dr. Warth* has found from hie eurt* that iha wit 
occurs in five great beds having a united thickness of 875 feat# alter- 
nating with another 875 feet of hallar or impure salt, the whdle of t&Hr 
saline group being intercalated in the upper part of about 1 # 0OO feet of 
red marl and gypsum. 

Single beds of the salt are over 100 feet in thickness hero, and 
in other parts of the range vary from 6 to 50 feet ; indeed, the salt occurs 
so ’frequently that it does not appear to have ever been necessary to 
trace out the extension of any particular bed. 

The beds are not all of equally good salt, some containing a little 
earthy matter, but jmhj, if not the majority of 
Punty ’ them, consist of the mineral in a fine translucent 

or even transparent condition varying from crystalline to eompaet. 

The following analyses of the salt of the (Khfewra) Mayo Mines 
will be found with others in Dr. Warth's Beport 

Com po ii tip" . . * 

already mentioned, these having been made by 
Mr. Cornelius Hickey, Chemical Analyst, Agraf 


Corain. 

n 

II. 

III. 

IV. 

V. 

Ararat* 

Earthy natter 


Trace. 

Trace. 

Trace 


Trace. 

Sulphate of Ihne 

... 

0-77 


0*92 

0*68 

0*76 

Chloride of caloinm 


.. 

0-42 

110 



Chloride of magnesium 



0*71 

1*84 

2*22 

1*26 

Chloride of sodium 

... 


92*84 

92*80 

91*74 

98*00 

Water and low ... 

000 

8*92 

6*84 

8*78 

6*82 

4*60 

Total 

•a 

100-00 

— 

10000 

100*00 

100*00 

100*00 


»o. I. Psrtrt whtta Biytilihn wit. 

No, II. White salts* sold Iran dapCt, Sam Mine. 

No. in. Bad wit w sold from dapdt, 8<y«wal Him. 

No. IV. XMwdood van* wit woold tram dopSt, BocsyRlM. 
No. V. Avenge good ealt of Mqro Mlnw orientated from the others. 


e Beport In Appendix to Admhtfttmtton Report Inland Customs, 186&70. 

4 TW, ff&ewfayr tiModii the salt eoddaid as oUeddi of adMdm. and an 
redealt derived its colour from something of an organic nature (p. 148# Report pefa eA 
quoted) qteatete oo»gifa^ fl b i^|'i^ i ||f 

Rasa as r^gdfearwd or h a tma to ha ohaorrad* 

.* w > 
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The banded structure of the salt fa 
of different colour^ 
looking or of darkest 
softened into a paler tint on the edge ; 
layers of a red earthy Mature from which Epsom 


chiefly caused by layers 
moptwUd, 
middle and 
l^em axe alternating 
The strata 


have a regularity intermediate between thdt ordinarily observable in flag- 
stone and sandstone, the bands or lay er^ having in some places for consi- 
derable distances vertical to their planes a general thickness of A to 8 inches 
varying to 2 feet, while for several yards across the strike in some of the 
larger beds no lamination at all is to be seen. There are also numerous 
irregularities df the bedding showing much lenticular arrangement of 
deposition. In one place an earthy film was observed crossing a thiok bed 
in a zig-zag manner as if a crack had been filled up. No sign of current 
(ripple) mark or well-developed oblique lamination could be found. Layers 
of the salt* thinning out, convert above and below, were frequently 
seen. 


A contorted band of salt between two layers of kailar similarly 

curved was observed in the 1 0-feet 
marl bed ( fig. 5 ), the appear- 
ance being precisely similar to 
that produced by disturbance in 
ordinary stratified rocks, though 
the arch was only about t feet 
across. One of the uppermost 
layen of the salt in the $hewra 
gorge has a mechanical breociated 
structure, and encloses fragments 
of marl, gypsum, and of rock-salt. 

Vlf.^-CootortloataMa wttimtlwlUioan 

The whole of the group of salt beds at this plaoe ip shewn to he 
owed by the different angles of dip observable, bul news of the 
complicated little folding? to common in. th^ adjacent gy^eum and 

in) 
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dolonutk layers Ito >|{>paren& l£e curvature ought ether result fans 
itosral distum^ioeN^f the tehole strata", or from partial mnthm in thy* 
mIIob series only,oj^l would go to prove a certain flszifaQifw tmjt 
(Che crystalline saltNrook, which moat Save crystallised jpt hbruuatsl 
planes originally. Superincumbent preesnre is of enormous fbree'intho 
mines, the strongest stone masonry,'' <|en in arohee, being crushed! oat 
of form, end where large 40 feet prQkts of salt are left to rapport 
the roof, this vertical pressure causes huge flakes of the mineral to 
separate. 

At the ends of "drifts” also the pressure causes large pieces tjfcalte 
off the vertical surfaces left unsupported by working out. 

The whole mass of the salt-mines hill is subject to percolation Of 
small quantities of rain water, which feould eventually cause movement 
and slippage under the pressure alluded to. 

The compact solidity of the salt may be inferred from the fact that 
sounds travelling through it are audible at distances of 110 to 180 feet 
(as proved by Dr. Worth's measurement). The miners often, in approach- 
ing drifts, signal to each other by blows of a sledge on the face Into 
whioh they are cutting. 

Sulphate of magnesium (Epsom salts) is mentioned in small quanti- 
a.. III ii.i. i i -u- ties in some of the analyses (given by Dr. Warth) 

made from waste-salt; its existenoe is doobtfrU? 
swept to a wry trifling extent in the mass of this rackvasli, but it 
impregnates the Mtdr end thin layers between the sa lt -bsfbii It also 
effloresces from the surfaces of the red marl in old workings. 

Dr< Wurth hs# also frond ia tbe mines a white mineral supposed of 
gypsum, tfcfaritye of spdiiua,~and eqlphate of ma gn m hfab tmtiy gffl* 
btaut^ul, long, eurying, fibrous, flpnmgbuadam oryi 
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in some of the old drifts, which use now neither safe nor easy of access. 
In fissures of the salt* he has met with scattered crystals of selenite 
and crystalline nests of a mineral with the composition of G-lauherite 
(sulphate of calemm and sulphate of sodium without water). 

While a collection of the Salt Range minerals was being made for the 
roiwiiiii Vienna Exhibition of 1873, a greenish or reddish- 

white glassy mineral, harder than common salt, 
was found by Dr. Warth extensively mixed with the material of the 
kallar band, separating the Sujewal and Purwilla salt seams of the" Mayo 
mimty. It predominated throughout a thickness of 6 feet in the kallar 
bed, 4 and was largely mixed with sulphate of magnesium, which also pre- 
vailed through 7 feet of the same band immediately beneath. On a 
rough examination by Dr. Warth this was found to be potassium salt. 
In composition it varied, and two of the specimens for the Vienna 
Exhibition examined by Mr. Tween gave the following results 


No. 1. No. 2. 

Colourless salt Pink-coloured salt. 


Chloride of potassium 

... 8-8 

61-48 

Do. of sodium 

... ... 

29-32 

Sulphate of magnesium ... 

.. 68*02 

7-78 

Do. of potaasinm 

... 88 


Water 

•62 

100-44 

2-1 

100-63 


t This potassium* salt is referred to in a translation from the JaMuek 
,4erh\ Qwkgucke* RsickianstaU, sxiii, No. 2, p. 180, f as a white or 
tsddish gfanular mixture of sylvine (chloride of potassium) and kieserite 
(sulphate of magnesium), the kieserite possessing the hardness and 
cleavage as the HaDstadt mi n e ral and also appearing to be oompaet. It 

*1 . ll fr i n l wel TatmOt* where tie wit opMi Mnetfcxe .^ ^ 1 

tent, the «* *e oitetee. beta* (echoed «o thet th. (olid tag)* h*. 

fern*, Mi 9m. 1M. td. m p. M. 

( «• ) 
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has been ascertained that this potash salt forms only a keel k*|fotlar 
deposit: it has not been foond except in this mstaipc, so ter acjtitti 


aware. 


Siie tad quantity. 


As to size and quantity, the salt deposits of this district rank high 
among known localities for the mineral, numerous 
though these »*re known to be.* The salt group 
of the Salt Range, though occupying a much greater longitudinal extent 
of country, displays much less salt at the surface thkn is exposed in the 
Trans-Indus salt region. The mineral is found at not very distant 
intervals along the south side of the range for a distance of 12Q miles. 

How much of the salt formerly existing has been .removed by the 
percolation of fresh water, and perhaps subterraneously distributed to the 
southward, cannot of course be known, but it is on record tbtft'the water 
of the Thull or B&r and of many places in that direction is brackish 
or sufficiently saline for salt to be manufactured from it; this is at 
great distances from the Salt Range. 

It is not easy to attempt even a rough estimate of the quantity of 
salt in the Sajt Range. If an average thickness of only 135 feet and a 
width of three miles be assigned to the salt beds, then, in the 190 
miles along which these are seen, there may be 130 miles X 8 miles 
X 135 feet of beds, giving as the solid content of the salt deposits 
nearly 10 cubio miles. 


* large deposits of salt see known to occur at Hermes In the Persian Chd$ sarSa 
ahonaof the Caspian flea, in Twits, in Algeria, ip Eorq* tad America; but aim these £ 
the Salt Range seem hardly inferior to aty of those recorded by Dr. Karsfoa (IMaft 
dtt BeUme eb mde, Merit*). Sdt is not known to wear in the UNfhmtr ms 

Dm»»'» Mlwm 4 ngy , Ait. Mt 

A ilaft wfclch took wrml 7*1. to rink ii atatod to km pand Vmmtfk i Mt 

s( mck-whof'Sjwreofcorg, twmfy alia, from Botin, wUhont rwehl* th* lia* rf ft* 

H iSmmmb* a. JUftrf. flwrflmti . «-. Hoik, 1887, n Hot.) Tb.MftwouMt.ift 
«Mtfamth*«4|M* of th. gtvexti. Mtl.% bo* 
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Book-salt, gypsum, and dolomite have always presetted, as to their 
Origin at tba mk< origin, dillcnltiestoo well known to need reoapitu- 
lation,* With regard to their occurrence in this 
district, notwithstanding the p rogr e s s of geological knowledge, I may 
quote apd apply this passage of Maccnlloch, written forty-six years ago : 
“ It is far easier to show that the most simple and obvious hypothesis 
is wrong or imperfect than to propose a probable one and, farther, I 
might almost use his words, “no rational explanation has yet been 
suggested, and I have none to offer "t 


Though the subject still remains very much in the obscurity which 
surrounded it when that author wrote, a few points bearing upon its. 
miff be noticed. 


That the mysterious mndithMfttyMMloaiy to the production of these 
deposits have Wbn persistent from very early 


orneiff* 

lec aeMtt-pntM- geological time, or dee recurrent, is established 
by the local relatione, the red marl and gypsum^ 
usually (but not always) aooompenying rock-salt being as prominent in 
this region as in many more modem ones ; while the saline nature of 
many of the groups would indicate the presenoe, more or less, of salt- 
producing conditions, from the rilurian or pre-aQurian epoch up to 


Moot, if not all, of the groups in the Salt Benge series appear to have 
been marine, and saline ingredients of one hind or another effloresoe from 
many of their beds, but as the suooeauon is oonoeestive, or unbroken up 
to thi base of the tertiary sandstone group, these saline traoes do not 
appear igmuadtei with any derivative formation of the newer fi-om the 
waste of the older rock*. 


tern 
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T fa regularity with which At ad marl, nit, pad gypanfl 4m 
overlaid by aqaeou deposits; together ailik (Ut 
Solar anpimtioB. iatorad ntmtifreatma, w far a tkblamMbjtai* 

are in favour of the alt having been prodge^Vy wprwatif% Ha 
theory most generally adopted. 

The absence in this vicinity of any known gnat volcanic Vents, 
Distance from any vol- either active or dormant, at the ea»ty period to 
ouis Hoice*. which the salt and gypsum belong, is not in fsvoor 

of a strong oonneotioa with vokanio censes, and ybt the idea is steangety 
associated with the feet that the only igneoufc rook of the whole Sait 
Range— one of apparently aohasis origi n oee n ee absolutely wMtt the 
■aline series. The suggestion of high temperature i nd ica te d by the 
semi-anhydrite, found not far from that porphyritio rook, baam upon 
this print, as dose also the association of doleritea and trachytes with 
the salt-rocks of Hormuz in the Persian Gulf.* 

The internal structure of the salt beds and the numerous indications 
FMsOriy limited ares of lenticular deposition, suggest limited areas of 
of socaandateoo. local aooumulation on the same horizon; perhaps 

of similar character to the salt-lakes Professor Ramsay has su pp o eed 
to have existed during the Triaseie period, f 

Some modern writers} suggest the existence of enormous salt- 
producing causes, at extremely remote geological periods. This saurian 
or pze-rilurian Salt-Range salt bring among the most ancient deposits of 
the mineral known, some trace of them causae of production might ho 
expected tb draw itself, but nothing has been detected to indraafcpndifr 
taunt origin from other salt-rock deposit*- On the other, fan«l tha 
duo salt, so much more recent, if laterally less extensive, bps alee* 
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a mooli greater deyelopment in mass; wnd while the tertiary period to 
which it is believed to belong approximates to pro e o n t time, thia ealt iteelf 
has a much greater Structural similarity to the ancient deposits associated, 
dike it, with gypsum, than to any known modem salt formation.* 

Recent salt regions are proverbially azoic, and no organisms 

itenM of Mguimw. bare been found in this salt or the 

aoeompanying gypsum, nor yet any recognisable 
ones in the succeeding group; but burrows of Annelides (?) and small shells 
of one genus of molluaoa occur in the next newer zone. However, if 
the salt were supposed to have been formed by the dessication of 
pods, there seems no reason why organisms might not be found in thee 
saline series. Fossil bones nanar in the gypsum of the Paris basin ; and' 
in the salt of the Ran of Seek, fish, water-makes and insects, 
prevented by the brine from undergoing decomposition, may also be seen. 
Doubtless the remains of these would become preserved in the adjacent 
mud of the Ran. 


The enormous quantity of sea-water necessary for the formation of 
at m. water so muoh sajtf and the absence of ordinary detrital 
Tnnmnrj. stratified deposits formed in that sea are also 

nvalent considerations under the supposition of evaporation. 

Pueflb Sandstone. 


jfo.a,- 


-The Purple Baudttoue next above the Saline series possesses 
great uniformity of aspect and texture except 
in the far western part of the range. Its lower 


Tmti a.ii ||]j; 

«f Xu*. Twttarj AggsaUx to And. Kept, Gt. Trig. Sarr. 187*- 7S j Kadi. 
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fifty to we hnndnd feet immediately euooeedi wfr the red adtiwl 
am very earthy, bat of the ueuol purple ookmr, end appear like aAMMa- 
tion from the marl op into the aandetooe; the- ht^r is genSctBy' soft 
and splintery below, where .the lines of bedding ore not wry "fifooriy' 
marked. Above the earthy portion argillaceous inter-stratifica t ions me 
rare or absent, and the beds are all of a nearly equal harness, 
considerably less than that which is nsosl in palsBOzoie, rooks. Ike 
sandstone is absorbent or hygrometrio, frequently covered with a white 
_ saline efflorescence, and oontaint both carbonates of 

Oom pwit’ ffl t 

lime and magnesia m its composition.* Its odour 
near the top of the group changes from the prevailing dnll pnrple to 
much paler shades, in places banded with warm yellowish streaks. 

Dr. Fleming’s and Mr. Theobald’s descriptions of this sandstone 
group vary somewhat. The former describes it as containing conglo- 
merate and ripple marks, the latter as never containing a pebble and 
having none of these markings. As a rule, no doubt, Mr. Ilieobald is 
correct in these particulars, some earthy conglomerate bands in the 
western part of the district being only doubtfully referable to the forma- 
tion; but it would scarcely be safe to assert that ripple marks never 
occur in these sandstones, though they are certainly not ehazaotoristib 
of the group. 

In one exceptional instance only, in the eastern part of the swge» a 
m—yu— i rm nmneB marked difference in the arrangement of them 
of adukihalsSuid. beds waa met with, a strong band of greenish gray 
flags end shales appearing to intervene between the red marl mid purple 
sa n d ston es at the base of Dsnddt olift. The ooonnenee lyriug quite 
unusual, it ik very probable that a concealed fault or other dislocation has 
pheefi the M^st overlying group in on apparently inverted position, and 
•even though traoss of the break have not been found, its presence may be 
almost presumed from the many dislocations of the roqjn of the vioinity. 

■» j 
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The thickneesof this purple group wi« somewhat, but its prevalence 
TUeknai ud fliitri all OWE the eastern part of the maga is very cob. 

atant j here it generally forma the first oiiff rising 
out from tiw taka or broken grand, as at TiUa, Chambal {east), along 
the escarpment from Jalflpw towards Find-Dfidun-Khfin and sway to the 
west. In titia direction it geta very gradually thinner and no longer abows 
Itsolf so pKnpinentiy amid the dislocated masses of other rocks, bat along 
the edge of tha plains traces of it appear the whole way to near Mdsa> 
khd, while in plaoes within the glens it seems to have quite died out. 
From tiiis part of the range to the Indus it cannot be said to exist, at 
least not in its usual form, bong replaced by a clayey conglomerate gf 
metamoephk pebbles. 

The group has always proved unfoesiliferous, nothing more than 
obscure and doubtful traces of fucoida occurring 
in it, and these but seldom. 

The thickness of the Fmrph *and*to*e group -varies from two hundred 
to about four hundred and fifty feet. 

Bilobun. 


No. S . — The Obohu or 8ipho%otreta beds show prominently in 
r oil the eastern sections, forming- an inclined talus 

along the top of the purple sandstones ; and exposed 
Unbelts in the dift or cape to projecting spurs. They oonaist of dark or 
bbrioah sandy shake drying of a dull purple oolour, full of bleak glisten- 
ing polished sur&oes on the planes of lamination. 

^ They are often micaceous and intamlmtifiad with 

oryvtalUne oakaroons glaooonitiodooking layers or sandy and nnnfljbros 
ratio bands, but the dark ebaly chaiaoter genamlly dwtmguishss the 
none, which la ranch better defined in some plaeae tfcgk in other* 
Strong ripple marks an ae« occasionally. 


In tiro pfr osai u Q iro la the Khewm gorge above uhrtt ti fr B us h w u t s r 
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Hiuiuir-^KASiraaii* sahdstohb. 8f» 

Jitlm, dose Mreh hi am to *the discovery if'NM Kttie bivalpee 
numerously mattered through • small thukneaa of the mndy mieaosooe 
•hah. Theahalb are very thin, no pair ever ooourring in poartioa, and 
are frequently crashed, flat, and broken. "With great care and trouble 
Or. Waagen was able to free the internal aapeet of a lew of the li h w 
(the outside only being visible in some hnndreds of ape rim ena^so ae 
to enable them to be determined ae belonging to two epochs of OMhi 
or Sipkonotreta, genera only found in Silurian rooks. Hie discovery «f 
these led to the hope that arme other foods might be detected, bat nothing 
except faooids or annelid markkl^s has been obtained by farther Starch, 
and I was obliged to rest content with the proof that the Salt Bangs 
contained even older paleozoic rooks than the carboniferous formation 
discovered by Dr. Fleming. 

This silnrian subdivision is well defined on Monnt Tilla, Chambal 
risen wh en seen, ud Mountain (east), on the north-west side of Dinahs, 
dsOntthm. from Jaldlpur to Khewta, and thence to Makrfehs 

but beyond this westward becomes divided by light-oobnred sandstone 
bands and loses much of its definite appearance. The characteristic study 
portions can nevertheless be often recognised (thongh of a greener 
eoloar), bending into the gorges and forming the middle of the elifis m 
three the Bungle Win north of Ndlli. 

In a few pl noo e - a s, for instance, along the traok from the Vesfif 
springe to Fail— conglomeratic hands occur in this group, tha mrin&ed 
pebbles being small, and aa is usual in all deposits of the lahge older 
than tertiary, being exclusively of crystalline moke. The thickness of' 
the gprap varies from twenty to one hundred and fifty feet. 


kCdomsuv aiansnun snoop. 
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Absent or inconsiderably developed ; but, possessing itself only a limited 
lateral extension, gives place again in this respect to other beds. 

The group is characterised in many places, particularly to the east- 
ward, by the prevalence of certain hard, light cream-coloured, or whitish 
bands of dolomite and massive calcareous dolomitic sandstone rook, 
sometimes weathering after the manner of limestone,— sometimes showing 
on the weathered surface strangely arranged markings like the sections 
of flat lenticular patches of more compact texture than the rest, but 
^ bi never the smallest trace, so far m known, of any 

kind of organic structure. This variety of rock 
has been called by Dr. Fleming magnesian sandstone, and stated to have 
the following composition* : — 


White quartz, and .. 

... 28*000 

Carbonate of iron with a trace of alumina ... 

... 7*818 

Carbonate of Hme ... 

... 82*874 

Carbonate of magnesia 

... 31190 

Loas ... ... .*■ 

... |614 

Total 

... 100000 


Doubtless its composition varies much, and this analysis appears 
to have been obtained from a highly calcareous and magnesian portion 
on Mount Tilla. The more massive beds frequently present a peculiar 
breooiated appearance, as if the rook had been broken by pressure and 
ipoemented. Associated with these harder beds are strong, light coloured 
Spmdstones, sometimes with oolitic layers or more flaggy bands, often 
separated by greenish and dark-coloured shales, the flaggy portions being 
occasionally covered with obecnre lumpy faooidal or annelidan markings. 

_ ^ Unless the oolitic bands should be found to oon- 

Qmjria tacts. 

fein micnwoopic organumi, the whole groop mold 
«ppen to be tuifawilifaoai otherwiw than so far m rtrted. * 
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Ik oortt, wil)| to Cotto, to b. aUtd 


at. 


I « 9 




MAGNESIAN SANDSTONE. 


80 


The group with its most characteristic rook is well seen upon Mount 
Tilla, but is hardly represented on the neighbouring Chambal Mountain. 
It re-appears on Diljaba and Kdrangli (where it contains small crystals 
of galena), and is well marked from Jaltlpur towards Khewra, but 
beyond Makrfich loses much of its individuality. Its sandstones being 
often separated by shales, it no longer forms marked features, its 
best exposures being on the spurs or among the dislocations and subject 
to the obscurity which they entail. Notwithstanding this, however, 
at Makrach and a little to the westward, greenish and hard white 
sandstones with dark, in pla<$ft carbonaceous, shales and numerous 
large fucoids on the bedding surfaces, occupy the place of this group and 
underlie the next, proving the succession different from that apparent 
to the east. 


Dr. Fleming unites the group No. 3 with this in one of his divisions, 
although each possesses, where well developed, 
below, &c! t by 0 other a strong lithological character of its own ; while 
observers. Mr. Theobald would, on the other hand, appa- 

rently include the present group with No. 10, with which it is seldom 
in contact; at least it is difficult to account for the conglomerates he 
describes among the magnesian sandstones on any other grounds. 
Conglomeratic layers there may be here and there so trifling as to escape 
notice, but strong conglomerates form no prominent feature of the 
group, even in its western most sandy and most divided portion. 


Why separated. 


In the direction of Makr&ch and to the westward, both this group 
and No. 8 might be inoluded in one; but even 
beyond that locality, the lower shaly cone being 
traceable much further than the overlying sandstone, fee., and both being 
more closely related to each other than to the beds either above or below 
them, it appears better to preserve the petrographies! distinction, pirn* 
dpafljr because the want of paleontological evidence makes it impossible 
to assert th%t this group, like the lower one, is Silurian. 

m ( 89 
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The thickness of this dolomitio and sandy group, where well de- 
veloped, is more than three hundred feet, and its average may be 
between one hundred and fifty and two hundred feet. 


If we were to follow the apparently natural and conformable suc- 
cession from this group upwards anywhere about Khewra or the neigh- 
bouring eastern part of the range, the following beds would occur in 
succession : first a brilliant red group, then olive beds, and then a lime- 
stone group finally overlaid by a mass of grey and greenish sandstones 
and reddish clays. The sequence would be true and natural no doubt, but 
not the whole truth, for four other zones having their places between^ 
this magnesian sandstone and the “ olive beds " above-mentioned would 
be unnoticed, not being present in the eastern area. 


Speckled Sandstone. 

No. 6 . — Of these four groups the first indications of that which pro- 
perly succeeds the last become visible to the wesfc- 
ward about Makr&ch ; the group rapidly increases 
in thickness, and extends throughout the range, its importance growing 
less beyond the Chiderd hills, but the beds appearing frequently along 
the southern edge of the larger elevations culminating in Tredian Hill, 
and being only lost amid the complicated dislocations in the neighbour- 
hood of M6ri on the Indus. 


Ocmstitation. 


This group of beds consists, as a mass, of light-coloured and reddish 
or purplish speckled sandstones alternating with 
red clays and shales, and including some very 
distinctly marked lavender-coloured and purple or grayish argillaceous 
and gypseous bands. The latter from their deliquescent nature yield so 
rapidly to the action of the weather that the original rook can seldom be 
seen, so thickly is the outcrop covered with its own detritus in the form 
of sun-dried or powdery mud. These bends occur 
at various heights in the group, but axe generally 
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prominent as a thick mass forming its upper part.* As might be expected 
from the weathering of these beds, saline efflorescences are common on 
their surfaces. 

These lavender days are the beds apparently alluded to by Hemingf 
Gbpper shake. TheobaldJ as “ cupriferous shale” and u copper 

shales ” some stress being laid upon their occur- 
rence by these writers more than might have been the case if a 
fancied analogy had not been perhaps suspeoted between them and some 
European cupriferous beds of triassio and new or old red sandstone 
age. Dr. Fleming says the occurrence of little nodules of sulphuret of 
copper was first made public by Captain Hollings, Deputy Commissioner 
of Leia. The quantity, however, was insignificant ; it was quite so in% 
commercial point of view according to Mr. Theobald. The ore is said to 
be found in grains “ rarely larger than a pea” on the surface of the 
beds, particularly after rain, when the green colour of the nodules brings 
them prominently into view. That they cannot be very prominent 
may be gathered from the fact that after repeated search I have failed 
to discover them in situ, the only specimens I have seen being a few in 
the possession of one of the Salt Customs Officers who did not know 
exactly from whence they came. 

The colour of the whole group of sandstones is very often reddish, 
though the sandstone beds in detail are generally 

Colour- 

speckled, containing greenish or purple patches, 
or layers, of no great size. This redness is supposed to result partly 
from oxidation of iron in the rock, or more mechanically from the absorp- 
tion of water coloured by the washing of the red earthy bands. Ripple 
marks and signs of oblique lamination may be frequently observed, as 

t • The colour, texture, and whole aspect of these days we rerj lmilar to those of 
the lavender clay p a t c he s associated with the Shewn and Nflawdn traps ikmj also 
rewind one of the lavender-grey portion of the Interfile day deposits of Kaehh, which 
wa also often saline.— Sea Memoirs of the Geological Survey of India : “On the Geology ef 
KaoV* V6L IX* pi. 1» p- 68,4c. 

6 1 Sqoond Report* p, 267. t As. Soc. Bang., Ot. 
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well as some obscure fucoid markings and plant impressions— -the only 
traces of organic life the beds seem to possess. 

If these sandstones have any one peculiarity more likely to aid in 

distinguishing them than another, it re the occur- 
Pecnliarity. „ 

rence of numerous small wart-like concretionary 

knobs projecting from their weathered surfaces (a feature sometimes 

common also in the Bardkar and in some Mdhdddva sandstones of 

Central India as well as among the upper beds of the jurassic series in 

Each). Mr. Theobald says they are chiefly composed of the sharp sand 

of granitic rocks, and sometimes have a porphyritic aspect owing to 

crystals of felspar being present.* Some of the coarser beds have an 

arkose look, but I can hardly argee with him that any general or special 

character of these rocks which I have seen is sufficient to “afford 

unquestionable indications of the simultaneous existence of volcanic 

forces in the vicinity." 


From the MakrSch to the Sardi glen the lower part of the group, 
for a thickness of one hundred or one hundred and fifty feet, is often 
Been to consist of brownish and light-coloured 
Conglomeratic beds. san <j s tones with some whitish flags and dark 

flhales, as well as bands of conglomerate, the pebbles in which are of 
granite, syenite, and other crystalline, trappean, or metamorphic rocks, 
this portion having a general resemblance to some of the beds of group 
No. 10. 


On reference to the diagram on Plate VIII it will be seen that another 
Irregularity of »ucce«- group ends just about where that under notice 
mob" commences, and the idea may suggest itself whe- 

ther the two are or are not continuous. The sections in this neighbour- 
hood, however, show here and there a red band above the sandstones of 
No. 5, which may possibly be the last remnant of group No. 8. The 
latter before reaching this place gradually diminishes in thicknestf for a 


o Hr. Theobald'* paper to As. Soc. Bong., pp. 961, 66$. 
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long distance, evidently disappearing from the series, besides which 
it has hardly a petrological characteristic in common with the 'feronp 
No. 5, though both are arenaceous and partly argillaceous deposits, and 
both, for all useful purposes, unfossiliferous. 

This group, No. 5, is even at its commencement conglomeratic in 
places. It is occasionally so throughout its extension, and far to the 
west, where the groups 2 and 5 lose in thickness greatly, the conglo- 
meratic character increases, the paste being often earthy and the enclosed 
fragments large boulders of crystalline rod ; but it is rather uncertain . 
whether these beds may not belong to the “ Purple sandstone. 9 * The 
average thickness of the group where well seen is from two hundred and 
fifty to four hundred feet. 


Limestone. 


Other rocks. 


Carboniferous Limestone, &c. 

No. 6 . — We come now to a very interesting formation, the carbon- 
iferous rocks of the Salt Range which have attracted so much attention. 
The most prominent beds of the group are grey limestones, in colour, 
texture, and very frequently in the general aspect of their organic remains, 
undistinguishable from much of the carboniferous 
limestone so largely developed in England and 
Ireland. As in the latter country, magnesian limestones are also com- 
mon. Shales often predominate at the base, suc- 
ceeded by yellowish and reddish sandstones with 
Spiri/er and fish remains (teeth, &o.), sometimes containing strong bands 
of black coaly sandy shale. The upper parts of these sandstones are 
in places often highly fossiliferous with Pusilina 9 
Aulosteges , Produetus , Spinfer, &c., and are sue* 
ceeded by limestones, dolomitic or otherwise, with Goniatites, Oeratites , 
Strophalosia , Atkgris , Streptorhgnekus, several species of Product**, 
\ Spiri/er , Retzia, Terebratulo, MacwAeilus, Peneslell * , Pdgpora, Beta* 
pore , Srinoids, and many other of the carboniferous forms, snob, for 
instance, as are mentioned in the papers of David- 
son and de Koniaek already referred to. The 
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upper strata are again sandy ; or light-coloured sandstones even, among 
which are intercalated coaly shales and argillaceous beds, reappear, one 
Different sections in thick sandstone band being crowded with a globose 
different places. species of BeUerophon. The sections differ much in 

different plaoes; occasional sandstone bands may occur anywhere, not 

unfrequently the solid grey limestone has been found directly overlying the 
lavender days at the top of the sandstone group below. The limestones 
vary in colour from grey to black, and several of the magnesian bands are 
of a warm yellow colour. The beds are more commonly compact than 
crystalline and are sometimes crinoidal, chert layers and nodules being in 
places very common. 

Dr. Fleming has sub-divided these rocks into three groups, the middle 
. . _ one of which he distinguishes as micaceous, fine- 

bald’s three-fold sob- grained, fissile sandstone, alternating with beds of 
iiwkii* dark bituminous shale. Whether such a division 

could be carried out or not Trans-Indus seems doubtful, and as no such 
grouping has been found to characterise the Cis -Indus carboniferous 
formation, it is very probable that both Dr. Fleming and Mr. Theobald, 
in forming their triplicate classifications of the beds, took the main part 
of this formation for their two lowest groups, and made their third of 
the triassic beds. 


These writers also allude (the latter with much doubt) to the 

^ occurrence of both Cer attics and Orthoeeratites in 
Their illusion to Or- . 

thoeeratites and CWa- these beds, and Dr. Fleming gives a drawing 

***** of a piece of rock in which Ceratites and Ortho- 

eeratites occur together. Mr. Theobald had never seen an Orthoceratite 


along the range, but suggested that parts of BeUmnites might have 
been for t here- The fact is that both of these forms do occur in 


the triassic limestones, the Orthoeeratites being, however, xpre, and the 


forms figured in Fleming’s plate are not from the carboniferous, but 
were recognised by Dr. Waagen as from the triassic beds above. 
The Ceratites, which are most of them new, and all different from 
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CARBONIPEBOUS. 

the carboniferous species, occur in much the greatest abundance in 
the triassic group. 

But a stranger fact even than that alluded to has been already 
Discover of Ammon- noticed, namely, the discovery by Dr. Waagen, at 
a place about a mile north of Jabi, in a land* 
slipped mass, of the carboniferous limestone (belonging to the lower 
portion of its upper part) of an unquestionable but altogether unique 
Ammonite , or, as he has called this form, Phylloceras , associated with 
Goniatites , Ceratites , Atkyris Royssii , several well-known species of 
Producing, Terebratula Himalaya M, Fentstclla, and other carboniferous 
fossils. In the progress of the Burvey, several Goniatites and nodose 
Ceratites , closely resembling Ammonites in exterior form, were collected ; 
but here at least a genuine one was found, the oldest known occurrence 
of that genus.* 

The magnesian portions of the limestones are, as Dr. Fleming says, 
generally interbedded, and where they cross the 

Magnesian beds. 

stratification-)- all the relations of the rocks are 
obscure. The magnesian rocks are in places not wholly unfossili- 
ferous, Echinoid spines, and parts of a few other fossils, often oorals 
of silicious ‘composition, weathering out from the surface. 

The carboniferous formation commences in the fine cliffs on the west 

Commencement and ° f ^ NJlaw * n beiow the beds 

d evel opment of the form- recorded as carboniferous in that locality by 

Dr. Fleming and Mr. Theobald. The rooks here 
are coarse, light-coloured, yellowish-grey and greenish sandstones with 
coaly lamina and a band of sandy calcareous shales. The sandstones 
contain Productus spinosus, and the whole group, having a thickness of 
sixty or seventy feet; immediately succeeds the lavender days, Ac., of 
the group below. From this westward the carboniferous beds are much 


n 

• See Mem. GedL Sur^ToLIX, pi 2. 

f This vertical arrangement of portions of carboniferous beds often 

oecors in IreU|d. 
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concealed, bat they reappear with largely increased thickness in the 
part of the Ver£la] scarp towards Pail and in the immediate vicinity of 
that village. Still further to the westward they develops rapidly into 
an important member of the series, having a thickness of at least four 
hundred and fifty or five hundred feet, which would appear to be mantained 
as far as the Chiderfi hills. In the narrow part of the range connecting 
these hills with the Tredian cluster, the thickness appears less, but 
increases in the latter hills near Swas. With the extension of these hills 
towards the Indus the thickness again decreases, and the formation 
strikes obliquely out towards the plain and disappears at Khyrabdd. 


These carboniferous limestones in their greatest development carry on 
Feature. *be scarp feature usually formed by the nummuliHc 

limestone, but with less regularity, being often 
subject to intense contortion and slippage. The peculiarity of the way 
in which they are sometimes decomposed in situ as mentioned at page 59 
is well seen about Jalar lake and towards the Kavh&d glen, while the 
country which they occupy, with its rolling ground, sheeted by frag- 
mentary debris, its steep precipices and deep ravines, has an aspect 
peculiarly its own. 

Thiassio Cebatite Group. 


Lowest beds. 


No. 7.— Immediately succeeding the carboniferous rooks is another 
interesting but smaller formation, the existence of 
which was suggested by the doubts felt with 
regard to the place of some of the fossils sent by Dr. Homing 
and Hr. Purdon to .Europe for examination. The lowest beds of these 
tfiassie rocks are generally thin limestone with 
Ceratites, succeeded by a thick marly zone, that 
yields much to atmospheric disintegration and weathers of a light greenish 
odour, which ena b les the band to be distinguished from * considerable 
distan c e. These are overlaid by grey sandstone 
and flaggy limestone layers with many Ceratites, 
passing upwardmto grey nodular marls. Hard limestones and eolcarecu* 
( 96 ) 
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sandstone beds with spinose Ceratilea, marls, limestones, and sandstones, 
form the upper portion of the group, and contain, besides 'CoraUtoa, 
numerous specimens of Garvillia , a Cardinia, Skynckonella, Aaoplopkota, 
Orthoceras , &c., being generally characterised by a predominance of 
bivalves.* 


The succession varies frequently as to details, and some of the 
limestones are magnesian, or dolomite bands take 

Mnpnna'mn , , 

their place. Sometimes layers of glauoonijio 
limestone (or pisolitic limestone with glauconite) ooour, and beds of 
conglomerate, in one instance formed of huge limestone blocks, are 
sometimes present. 


This representative of the Trias first appears in the neighbourhood of 
Kuraf and Katwdhi, and extends thence to the 

lint appearance. 

westward, except where interrupted by dislocation. 
It also* occasionally occurs in isolated or surrounding outliers as near 
Virgil. It is well seen near Chideru, and from the vicinity of Sakesar 
accompanies the carboniferous formation everywhere to its disappearance 
at Khyrabad. 


The group is characterised throughout by the number of Ceratilea 
Ceratite* which it contains. Certain species of these prevail 

in certhin zones, and one band is marked by a pre- 
dominance of the genus Belleropkon % — an instance of geological history 
repeating itself/ the same genus occupying, as has been said, a strongly 
marked zone in the upper part of the foregoing group. 


These trioaaic rooks, though lithologically distinguishable, present no 
No strong litholog ies! such marked .contrast to the carbonifetoua form- 
contrMt * alio* as exists between the Triaa and succeeding 

beds. The limestones are more thin-liedded, and the shales or marie of 


• Ms infomstionos to Mi > isgtan from Dr. Waagen's not*. 
tThbaain* most be fetiagobW from Kfaewn. ft is metty wprtsented by the 
spiffing *Koafc.” 

J Tk. Wssgen. 

N 
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different character and somewhat different colour ; but the whole aspect 
of the group is such that, were it not for the paleontological evidence, it 
might pass for a portion of the paleozoic rooks immediately below with 
which it was classed by Dr. Fleming. The thickness of the formation is 
very much less than that of the carboniferous beds, being on an average 
a hundred^nd twenty to two hundred feet or sometimes even three 
handled feet. 


PsEUDOMORPHIC 9 ALT-CRYSTAL ZONE. 

No. 8.— The^thin-bedded and flaggy sandstones with intensely red 
shales or days . which form this group, have 
been separated from the rest of the series, prin- 
cipally on lithological ground^ and although the rodm differ widely in 
appearance from the Ceratite-bearing triassie beds, I have been induced 
p ^ Tt r fr for mppoafog to place them with or near the latter for the fol- 
thflie beds Trial. lowing reasons : First, superposition shows them 

to form a newer sub-division than all the rocks up to the Magnesian 
sandstone, inclusive. Secondly, they thin out towards the sandstone No. 5, 
which comes into the series near their termination but at a lower level 
in the cliffs about Makr&ch. Thirdly, they possess no similarity to the 
carboniferous formation, nor yet to the associated triassie rocks, while 
they have some analogies of colour with the succeeding jurassie beds, 
and if placed between the two latter might form a transitional group.* 
It will be seen on reference to the diagram that this group No. 8 is 
separated by a distanoe of nearly forty miles from both the known triassie 
and jurassie groups ; its position would correspond to that of an outlying 
portion of either of these, or of the carboniferous, but the total absence' 
of fossils would seem to dissociate it from each. From above downwards 
it cornea into the plaoe of the jmrasgfl beds, and the only characters left to 
aid in fixing it are its red oofoni', lpftossiliferous nature, and $he ] 


* * |S was after dlaoneate n with Dr. Waagen that I was induced to olaaatfr tfldv group 
wjUfetbaTifea. In the Abaenoe of paleontological evident# l ms torifnad is gtaa it a 
*tepmte place by ifeetf, but Dr. Waagen teemed to think tbtoe wae teMsd ptofaeMHty to 
— gmt tea batofr y tojornlly, included — * part of tefawdo 
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of numerous peeudomorphic easts of crystal* of oommon ah H*a 
might be taken to indicate for it n triasslo horizon as an isolated deposit 
of the period, to which also its general place in the series would aooord. 

It most be admitted that this method of identification is open to 
much objection, as it oloeely resembles the erroneous reasoning which* 
led to the red salt marl itself being thought triassio; but for want Of 
better grounds, in adopting far it provisionally the place here indurated, 

I am oom pe iM to take advantage of all petrographic aid where foarils 
are non-existent, and in classifying the group as triassio, to do so with 
the reservation that it may fcftV>ng to any of the three formations 
(Nos. 0, 7, or 9) named, and if not to the upper part of the Mattie beds, 
possibly to the juratne period. 

As in almost every group of the range, the sections in this presenf 
local differences. Where best developed the lower 
portion is the most flaggy, the flags being out- 
wardly red, but often greyish or whitish inside. Here the upper pert of 
the zone, which is thicker than the lower, is formed of red and liver- 
ooloured, vanegated, argillaceous beds, passing upwards from shales into 
days. In other places variegated purplish and red days and shales pre- 
dominate below, and where the group is thinnest, it is generally formed of 
flags, to the exclusion of moet of the shales and clays. The more earthy 
_ „ portions disintegrate into minute angular bag. 

C00n 1 meats, and sometimes contain little nodules of 
haematite usedr by native shikaris as bullets. Greenish spots or vents or 
layers are common, m is often the case in forruginons rocks, but the meat h 
characteristic m a rk s of the groupwra the cubical salt pseudomarphs or 
t . . . csaia which pnapail almost everywhere in the more 

flaggy layer*^ Theee separate ao ns to skew tip 
oasts thickly studded over the foarmiadbcaa of the flags, a sdid angle af 
onak osstgenemlly.prqjooting. Simkrpssndoanarphsof salt have haaai 
iptioed by Strickland at Blawdoa in GJoooestorakiri, and by Profess? 
HbiBife at Spetohfy in Wnnwatasahasa » Amending to Or. Wartb thaf 

• *mt. deal fe, Load- TA O, p «. * 
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also occur in Cheshire above the salt, and in German j in the Keuper 
formation overlying the salt-bearing Musehelkalk. He explains their 
occurrence by the evaporation of brine, the crystals being formed partly 
/ in mud left dry suffiotaitly long to harden. Salt 

water or weaker brine again flowing over this mud 
would dissolve the salt and deposit mud or sand in its place, forming 
casts of the crystal moulds, which would adhere to the under surface of 
tip hpper layers. In the cases quoted first, however, the casts were 
observed both on the upper and under surfaces of the layers, from 
which it would appear that the crystals were enclosed before they were 
dissolved, or were developed near the surfaces subsequently to the depo- 
sition of these layers, their adhering to one surface or the other being 
matter of accident. 


The only organic traces observed in these beds were obscure fuooid 

Organic tnc m . impressions, or tracks like those of worms* They 

* frequently exhibit very perfect ripple marks, some- 

times crossing each other in different directions. 


Whatever may be its precise place in the general series, the group 
is a local one. It is present from Mount Tilla to 
Makrich in one direction, appears at Diljaba on 
one side, but is absent at Chambal Mountain (east) upon the other, and 
attains its greatest thickness near Bhaganwdla about midway between 
these points. Here unfortunately the beds undulate greatly at low 
* angles, so as to render observations of the thickness uncertain, but 
measured seetifau across the strike, reduced to 
oompe m ete for poeeible error, gave a thickness of 
over three hundred feet forth. uppe^ earthy portion end one hundred end 
fi fty feet or now for the een d e ton e end flogs below, eo that frog foar to fiee 
hundred feet moy heafeir esfimote, 'Where the group fa thJhner, ee et 
Mount THk, DQjabs, end toward. Mekrteh, it moy vary from ene 
hundred to fifty feet end even leas when dying out both to the eeot 
end west. / 
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This disposition of the group suggests thst it may have- oosuppsd *» 
LftcMtrme tad «tu»- isolated estuarine or lacustrine situation ; the thin* 
rine * bedded and ripple-marked characters point to the 

existence of shallow-water currents, while the mass of days and shales 
would indicate a change to still and deeper water ; but the sow* of ^ 
ferruginous colouring matter which separates it so deoidedly front the 
associated groups is quite unknown. 


Jurassic. 


No. 9 .— In upward continuation of the section in which the Certfib- 

bearing portion of the tnae occurs at the western 
Situation. r 

side of the district, is a very Taxied and mingled 

group of arenaceous, argillaceous, and calcareous rocks, liable to consider- 
able change laterally, in thickness and composition, but preserving a 
well-marked individuality of aspect, by which it can generally be 
recognised without difficulty. 


In the lower part of this series strong bands of thick-bedded, 
^ soft, ferruginous sandstone, of red, variegated, or 

yellow colour, alternate in places with liver- 
coloured and grey ripple-marked bands. To these succeed thick, argil- 
laceous, yellow limestone, soft rnsty-looking sandstones, grey gypseous 
and pyritous days and soft, powdery, white sandstones, apparently 
largely composed of white quartz and felspar grains in a white earthy 
or ohalk-like matrix. 


Among these beds and in the body of the group, bands of hematite 
TTmi <| ^ several* fee^f in thickness ooonr, and thinner layertr 

of “golden oolite," each grain having a burnished 
ferruginous coating (this 'latter rock exactly resembling k character 
the goldsn^oolite of Kaoh and Resulting from the decomposition of 
1 an oolitap limestone). Above aft these are epane brown sands tmm 
Sad jgdlow mark or mudstones, white cavernous sandstones, add 
bands of gray bard limestone of inferior thickness and lam constant 
occurrence thaip tbgpe below* 
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The sandstones are sometimes conglomeratic; and limestones are more 
largely developed in the western extension of the 
group. Frequently the rocks are fossiliferous, 
numerous indefinite plant fragments* occurring in the sandstones in 
the golden oolite and more calcareous beds — Ostreo, Bxogyra , Umbratula, 
many Gastropods, unsymmetrioal Eohinoid frag- 
ments, and generally in the upper region Belem- 
nite*, and possibly Ammonite* (these last being locally numerous Trans- 
Indus). 


Composition. 


Fowls. 


There are associated with this group at Chiderrf beneath Sfran-ki- 

1 „„^ iiTir i t ddk and near Kyrabdd, a veiy considerable thick- 

lies® of light grey incoherent sandstone or slightly 
compacted sand with many alternations of orange-coloured or drab days. 
This soft group in some places appears to belong to, and in others to 
be discordant to, the rest of the series, so that I have been unable posi- 
tively to include it with them, more particularly because its whole 
aspect is almost exactly that of one of the upper membera of the great 
tertiary sandstone-and-day series, parts of which might have been 
introduced by fracture or even unoonformable deposition among the 
older rocks«t 


The upper limits of this jurauic group are rather indefinite, a 

« „ gradual transition appearing to take place upwards 

into the newer beds, and the junction with thaee 

being, ae a rule, concealed by a talus of debris from the diflfr above. 

* 

In the western peris of the district along the southern side of the 
Trediaa hills, these upper beds partake of the 
general contortion and disturbance to s dsproo 


• At page M9 of his larger Report, Dr. Fleming notes the oecnmaoe of rerj p erfe ct 
ffcsrfe rf form In tbs lower aegi Imms Me rf this group. The genertd aedhmop of tie 
Sswrfsa led me to faumrfi hrf emw ii iniig march lor them, as* erfy a §m islp i rf ee fr 

f Hum poeeihla unoorforad fiei have never been vetabttahed, an* the tteeMtiee are 
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which renders their boundary most difficult, and sometime* impawn Me 
to follow in close detail, through that wild, nigged, and frequent^ pram* 
pitous country. 


Commencement. 


The whole group oommeuees in cliffs west of Jalar lake, mack* 
ing along the southern escarpment of the Sfin- 
Sakesar basin, where it is interrupted by faults, 
but it reappears in the fine diffs south of Sakesar summit, and it is also 
exposed by erosion on the northern slopes of that mountain. From 
Sakesar north-westwards it extends with some interruptions along the 
narrow part of the range and through the Tredian hills to KhyraMd. 

The thickness' of the formation may be estimated 
at five hundred feet where fully developed. 


Thickness. 


Passage beds to west. 


Cretaceous. 

No. 10 . — The juraaiic rocks, as has been just now stated, pass up 
with an apparent lithological transition into the 
nummulitic series in the west of the district; 
some of the intervening bands jnst at the base of the eooene, however, 
contain fossils of a different aspect from those of the immediately over- 
lying rooks. Dr. Waagen remarked a typical 

Bonn true of 1 Ils. * * 

resemblance between these fossils of the lower 
beds and those of the Ronca or Italian eooene.* They have only been 
observed in the B&kh ravine southwards from Namal, and they may be 
taken to ind icate the limit here between the mesoooao and> tertiary epochs. 

In the eastern parts of the district, however, there occurs a very 
considerable group of sandstones, of dark greenish, 
greyish, white-and-yeUow striped, yetlow-aud-grey 
jspotted, or olive or whitish odour, in Ike upper part of winch eoa $y 
i mmm ooeur with sofne shaly bands, while in the lower part am 
bands of conglomerate, or thick, dark, tmppeanJookuig shales filled w ith 


• Prom Mmsttoa gtrai by Dr. Wssftn. 
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fodders. Hie enclosed rounded fragments in these are always of crys- 
talline rocks and sometimes of groat size. Passing w e stwa rds among the 


Western beds. 


upper beds of the group, brown, variegated, and 
dark green sandstones, with granules of phospbate 


of iron, are associated with calcareous layers, marls, and coaly bands, and 


sometimes with bands of hematite. In some of these western localities the 


sandstones and calcareous layers contain large Nautili, long thin spines of 
the genus Cidarii, other Eckinida, Aetrea, pnd the Terebratula Flemingii, 
to which attention was called by Mr. Davidson as 

Voadk. 

unlikely to be of carboniferous age. Far below all 
these in eastern parts of the group, thick, greenish-olive, deeply-weathered 
sandstones enclose considerable numbers of the casts of large bivalves 
as yet undeterminable, but, like all the other fossils collected from these 
rocks, possessing a cretaceous rather than a newer aspect.* 


The whole group, which from its prevailing colour I have called 

the “ Olive group” resembles many of the others 
Distribution. # 

of the range in the irregularity of its distribution. 

It is absent at Mount Tilla and Chambal Mountain (east ) ; may be 
said to commence in the hills near Bh&ganwdla, and increases gra- 
dually towards the eastern plateau, over which and on Diljaba Mountain it 
is most largely developed. The lower shaly, block- or boulder-conglome- 
rates f are especially well exposed as to quantity at the north-eastern part 


Whore seen. 


of Chfl hill, and the whole group may be traced on 
the south side of K&rongli hill round the edges 


* Dr. Waagsa. I toad spne small-ribbed protuberant* on weathered surfaces of 
thesendstooes bs l b a cin gto this group lathe Jutina Beat, which struck me as peculiar from 
their dumps occurring In pain. Though very indefinite, Dr. Stolieska, on inning them, 
emgmtort it onoe their being the opened Tibet of 'Trigowim lying close together. 

t A Week of red granite, of shout 100 cubic feet, believed to hare Imp &enved frpm 
these bid* but now tying on the "Saline Series," occurs to the eastward of the Salt 
Collector's bungalow at the lUyo mines, Khewra. another very mush smaller, well- 
rounded boulder, also fairij /supposed to bare lain in these con gl ome r ate* was diaoorered 
lately by Hr. Theobald to be gUcUlly striated. He found it near Kiiungll on tty eastern 
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And depressions of the eastern plateau near Silowi, Kdsak, Gfctyw* 
Saidan-Shta, Pid, above Khewra, and around the Da&ddt tableland. 
From this westwards by Makrfch, Malta, and Sardi it beoomm thin* but 
is still represented in the Nflawta ravine and by a narrow hand as fat 
as Nursingphoar, beyond which it has not been observed. 

Where strongly developed, the thickness of the group is fttfly three 
hundred and fifty feet, declining to a hundred and fifty feet or lose in 
other places. 

KTJHMULTOO. 

No. 11. — The Nummuhtxc group is one of the most hugely deve- 
loped and structurally important of the whole 
Large development. QQ^ea. It is mainly formed of fine compact grey 

or white limestone, frequently cherty and sometimes varieg&ted, pink 
and grey, having rarely a curiously waved or concentric banded appear- 
ance marked by lines of lavender, yellow, grey, and reddish tints. 

The highest beds present no great difference of colour or texture 
from those much below them, but the lowest part 
of the group is generally formed of ruddy con- 
cretionary, pale yellowish marly beds of great thickness, with some bands 
of light-ooloured finable sandstone, grey shale and hematitio layers. The 
massive and homogeneous character of this limestone as a group has been 
doubtless the cause of some of the most striking physical features of 
the range, of many of its finest cliffs, and of all its plateaux. 

Immediately below the light-coloured marly limestones there is a 
crnmim, band of dark gypseous shales, very commonly 

but not constantly developed ; in these occurs the 
Salt Bange bod, in strings and beds of very variabk»&elM«* end 
, inconstant character. Both shales tad coal are very frequently pyrif^ 
ohs, and inconsequence of the destraetible nature of this part of thn tarim, 
*s oompared with the overlying limestone, the latter, bring dep ri ve d 
ef sugport along the* outcrop, has parted vertically and fallen away, 
leaving she# precipices behind. coal-shales to the west as exposed 
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pi the Bath ravine occupy an unusually high place in the series, being 
more nearly in the middle than at the base of the nnmmulitic group. 

Just beneath the coaly shales are sometimes a few beds, and some- 
times a greater thickness of friable white or red 
Be# Mo* t ham Qr ve ggn^gtones with grey shales or clays 

mterstratified. In some places *a thick mass of dark lumpy foramini- 
ferous limestone oooupies the plaoe of these, and .frequently the base of 
the whole formation is marked by a variegated white and red clayey 
luematitio band which often assumes the character of pisolitio hematite 
or the brownish look and polished surface of earthy laterite. In the 
eastern parts of the district the beds beneath the solid limestone are 
sometimes over a hundred and fifty feet in thickness. 


Fossils are numerous in the group. In the lower shales and sandstones 
^ plant fragments are common, and in the dark shale 

lanceolate and other leaves have been observed, 
while in the light yellow lumpy limestone casts of large Gastropods, suoh 
as Conui, Cypr&a, Cerithim a, Strombm and others, are frequently found; 
very large Behinidm also occur. At higher stages than these, casts of 
Qftf area, Aitarte , or hueina and other bivalves ate often met with. 
N m m mm li te* are common throughout, but most prevalent in the lower beds, 
where OrbiMitee and Aheolmm also occur. The assemblage of fossils, 
though numerous enough to fix the age of the rooks and more numerous 
than in other nummulitio beds of the north-west Punj&b, is poor compared 
with that of dist a n t groups of the sam e age,— ouch, for instance , as aeen 
in Kadi; and the organisms, as a rule, are badly preserved, existing 
chiefly ai oasts with little or none of the originally shelly parts remain- 
ing. Small bullet-like concretions of iron pyrites are common in many 
parts of the limestone. 

He cod ihsl s s have a thickness varying from about fifty to ftote than 
a tattdfod feet to the westward, and the whole of 
Od*im*rp*rt of the group, includbg the cealy shales 
jffldiMPdlted cmdMflM * linestswp where well «o*a, me? be cs&- 
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mated at a hundred and fifty feet, becoming nearer three hundred feet 
toward* the Indue. The limestones from various measurements and anti- 
mates fiave throughout most of the range a thickness of four hundred 
to five hundred feet, becoming thicker to the west, thinner on the eastern 
plateau, and disappearing entirely in the hills between the meridians of 
Bhlganw&a and Jalllpur. The whole group is absent from the aeries An 
Chambal Mountain (east), and north-by-weet of Jalllpur, but a nanow 
band of the limestones re-appears upon the northern slopes of Mount Tills. 
The group is more largely represented upon Diljaba Mountain, termin- 
ating with dislocations in the GhorlgalH pass ; and a faulted mass of 
these beds is seen again upon the Bakrlla ridge over Domdli. At the 
western part of the eastern plateau these nummulitic rooks an disoon- 
Exteniion nected by denudation and faulting from the net of 

their mass, but from the Choya-Saidan-Shah valley 
(hey extend continuously throughout the remainder of the range as for 
as Khyrabfid, several outlying portions occurring to the southward of the 
main exposure. Beyond Khvrabld these rocks are involved in the 
great dislocation which prevails, and they disappear entirely with the ex- 
ception of a narrow faulted rib in the outer hills dose to M&ri on the 
Indus. 


This Nummnlitie group of the Salt Benge differs in many respects 

^ fta,, from the nummulitic limestone* of other parte of 

maunoiitia l i mart ona*. the northern Pnnj£b, chiefly in the absence hero of 


interstratified thick cones of dark-coloured shale, in it* being uniformly 
of a light grey colour or nearly white, and, so for as seen, in never 
assuming the black or dark colour usual in other plaoes. The general 
assemblage of fossils differs also, and the whole aspect of the group sug- 
gests its having been deposited under cmramstanoes different from those . 


'which prevailed in the hill region to the north. In this direction it nay 
, possibly be represents! by the light-coloured limestones, which Mr, M^r 
Koott has identified jseormsponding to part of hieSabfthtf beds, «*tc*# 
to and newer than f» mam of the limestone seen in the hills, 

( 1W. > 
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Ike petroleum which rises from (he nummulitic rooks will be noticed 
hereafter. 

Tnmutx Sabmid^bs, Clays, &c. 

Not. IS, IS, H, 15. — Everywhere im m one end of the range to (he 
other, and alwayaon its northern and eastern as- 

fl ans ral dOMnDtkm. 

peris, the uppermost rooks of the Salt Range series 

« * 

are innumerable alternations of grey or greenish sandstones, of no great 
hardness, with red or light-brownish prange days, more rarely with con- 
glomerates, but frequently with harder fine-grained sandy beds of pecu- 
liar concretionary pseudo-conglomeratic structure. The enclosed con- 
cretions are of hardened, sometimes calcareous clay, of purple and yellow 
colour, in a somewhat calcareous matrix, and give the rode the appear- 
ance of a gravelly conglomerate. The alternating bands of sandstone 
and day are from seventy to a hundred and twenty feet in thickness, 
being very frequently about a hundred ^feet each, but some zones are 
lquch thicker. 

Mr. Medlicott, at page 91 of his Himalayan Report, remarks that all 
these sandstones, &c., rest upon a denuded surface 
Supposed ty. ^ g^ Range nummulitic limestone; and this 

is supported by an observation in his paper on the Jamu country,* but 
without the confirmation that any denuded surfaces of the limestone had 
been observed ; hence, the existence here of an important break in the 
series depends entirely upon the occurrence of an intervening eonglo- 
meyatic layer " made up of water-worn pebbles of the limestone and its 


• Bm.'GsoI ftar w n IhdU, Vol. IX, p. 49. 

t + JHd,p,W. Jgutf at ttamifcagiBeuts hm the tons c$ wmorsttona, sad inoes at 
Say flWwr then muawSUtto rook* appear to ooenr amongst them. Almost iwms^*Mj steps 
As tiSmnftl i c Hpwstnns , or wttfea IS feet of it, a psendo*cmgtHiMxite «s Is 

dwpniOTt hi tte unwinding pisytqk oostalns mill ehstif psHdss and rnm&mf 
Iri&Rfe mote., tyosepp an ths WH* Am Sfedtftf close to whm tte Umstews^Agto- 
ssAta|tiML This Ijyi Jfa wn oongiomerate appey.to Mofe mm to tte Twp i tna i 




NARAX OObtlP. 


JL*r 


Being aware of the earlier nej^of thie break, I ha^ltfglrt 4tag» 
the range fpr confirmatory evidenoi# lad noticed the ajb^tae# «f the 
change from limestone upward# tcJaadstorfie beds, but could wemr ftud 
erosion of the lower rook, whil ft observed in the contact layer, where 
present, a concretionary or nodulftr band rather than a *egnta~C 0 Dgle* 
merate, though the latter occurred kt tlie ascending section witbip 40 feet* 
In the trans-Indus country I also paid considerable attention tolbe point, 
and have described the junctions of the two groups in several places.* 

I have observed at this horizon as well as both below and above it 
scattered pebbles of nummulitic or alveolina limestone. They were found 
in the intercalated lower nummulitic sandstones trans-Indust and at 
different stages or horizons in the sandstone and day series cis-Indus, bat 
in all cases accompanied by the same perfect parallelism of deposition 
among the containing beds. * 

Nahan Group. 

No. 12 . — The Nahan beds of this district have, comparatively speak- 
ing, a limited exposure in the Bakiila ridge. They ate the same beds 
which I had observed to present a strong similarity to some of the 
lower rooks of the north side of the Potw&r, distinguished by me as the 
“Murree beds." Here at ih\e Bakr&ia ridge they consist of purplish and 
grey sandstones, inters tratified with many bands of red olay, which give 
to the whole group a reddish tinge; the sandstones are harder than those 
occurring at higher places in the series. This strong similarity to* the 
red “Munee beds" is not found to the westward, and the character of 
the rocks appears to have changed laterally : many of the intercalated 
greyer sandstones, fee., being, however, identical on the Bahrfl* ridge 
and generally alow the northern slope# of the Salt Bangs. Both tbs 
redder and gpeyer moke of the Bakidla ridge contain some bone tag* 
meuttAod occasionally mammalian (Mastodon) teeth. 

■ VT 1 W 1 ' 1 -■ 

*J(«b. feoLfer^'Mic, V* IX, pt %pp.64C| r 64 9410*ttbU4mta r 
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GEOLOGY or THE BALT RANGE IN THE PUNJAB. 


In other places when the Nahan beds hare not been recognised, the 
lew ost reeks of the Salt Range tertiary s and stone sense an slightly 
oaloareons, often of the nature of the peendo-conglomeratic gravelly- 
looking beds found higher in the formation. Their colour is pale purple 
or dull grey, p as sing rapidly upward into soft coarse sandstones of green- 
ish or dull brownish and grey colours, containing locally erooodilian 
bones, teeth, jaws, scutes, fee., and pieces of exogenous fossil timber in 
considerable numbers. 


Above these beds' greyer sandstones prevail, and red days or dudes 
incre ase in quantite upwards, associated with oooasional layers of paeudo- 
ocmglomerste andmmpy ealeanous purple day until the red beds pre- 
dominate so as to form a marked "red clayey rone ” with indefinifai 
upper and lower boundaries. The bottom of the red zone has been 
adoptfd as the upper limit of Mr. Medliootfs Nahan rooks in this part of 
the Puiytb. 


Siwaux. 


Lower BiwaUk, No. IS .— The "red zone” alluded to is commonly 
"observable along the north ride of the range, and on both sides of 
the Bakrtia ridge, but to the west it is difficult to trace this red zone 
among the disturbed rocks at the Indus near M4n and Ainwa. The red 
band is suooeeded by grey sandstones here and there, containing strings 
of lignite, alternating first with red, and higher up with warm orange 
clays, and some layers of conglomerate, in which bones, foe., 

occur. The pebbles in these conglomerates are usually of hard quartzoae 
sandstone, but sometimes of limestone, and rarely of syenitio socks j 
among them, pieoes of purple or grey sandstone to t&OM form- 
ing the harder varieties of the tertiary rooks am occasionally met with. 


One of them conglomerate beds among the nearly vertical saad- 
aouth off Mount THk between the villages Bidar and fldm was 
si foe evidence of |tittr tertiary denudation of the Mount TBia 
hut the only ree%nisable detritus briongipg to that series eoo- 
1 tamed h.this opghamwte »ere numerous pehbtea of limstteui entering 
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BTWipX. 

Nummulitee and AlveoUua, together wi$h some fragments at fa p l a. 
tertiary peendo-oonglomerate j thus the vertical effect of tta camion 
which produced the pebbles appears to have been limited to tile nun* 
mulitio and overlying bed*. The remainder of the pebblae were chiefly 
of purple and grey quartzite, quartz, red syenite, and earthy fsrrugiseu^. 
rook. 

The grey sandstones and orange or drab days continue to ooeopy the 
surface for a long distance from the Salt Range into the Potwdr plateau, 
and they are also observable between the eastern spurs of the range. 
With the red and grey bed below they have been taken to form the 
lower sub-division of the Siwalik group in this country, that con- 
taining the greatest quantity of the fossil bonee, for which this fpttmp 
has become specially famous. 

Upper Siwalik, No. Id.— Besting conformably upon the grey and 
brown or orange beds, and passing into these, is a strong group of con- 
glomerates and boulder beds sometimes consolidated, but often so friable 
as to have weathered down, oovering the ground with their hard, mostly 
quartzitic blocks, and oonoealing their own outcrop. 

The group has often a much greater thickness than in the vicinity 
of the Salt Range, but wherever its conglomerates are found -in situ 
they are unmiatakeable. If a local name were wanted for th^yronp. it 
might be found in the word “ Chainohal," commonly applied by the 
natives to ita debris, from the hard pebbles of which the road metal for 
the neighbouring parte of the Grand Trunk Bond is obtained. Such con- 
glomerates as these might be expected to have • more or leas Iced 
distribution, and 'they appear to he in plaese repr es ente d by a great 
accumulation of dmb and pink days on about the.same horison ; those, 
for instance, 6f the Kharidri hills,* or near the village .of Bekrdla south 
of the ridge of the ‘same name. Bones, generally word and rounded, 
ari also sometimes found in the conglomerate group, which with some, 

1 1 ' ' O 1 1 " 1 1 1 1 ■■'*" '■ 1 " ■ * * 1 1 " — — 
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Mtrijngdnb or pink day* constitute* the highest *known part of the 
Shrah'k eerie*. 


The whole 


Hie whole of tbiy Siwalik group locally abounds * with ossiferous 
mammalian remains, but frequently for long dis- 
tances no fragment worth preserving can be 
obtained. It has recently yielded to Mr. Theobald 
a large collection from the valley between the Tilla and Bakdfla ridges, 
and numerous fossils have also been found in the vicinity of Lehri to 
the eastward. . 


The Nahan representative sandstones and clays, besides forming the 
northern foot of the Salt Range, riye upon its slopes near Kalar Kah6r, 
overspreading a* large depression in the Jimestone plateau and running 
Upwards to the very margin of the Sfpdi glen on its western side. 
Several outlying portions of the group also occur on the top of the range, 
either left by denudation or previously to this having been faulted in 
amoa^ tke f nnmmiflitic limestone rocks. Cases of tips kind occur near 
ChoyUrSaidan-Shah, Dilwfl, Sfihetti, near the heads of thellhil portion 
of the Nflawfa ravine, dose by the village of Fail and north of the 
o lifls over Jaldr lake, where these lower beds of the sandstone series 
Wmtain large* fbssil (rib) bones. 


At the termination of the Salt Range proper on the Indus, the chief 
exposures of the detrital tertiary rocks consist of the Siwalik sandstones 
and day* (with same which may be of Nahan age). Besides these, the 
mdy oouddendde eapowire of any other group cis-Iadus is of the rod 
Silt mfed: the tpo extremes of the Salt Range series thus meeting, to 
Wwijirttisl exbUwon of everything dse, in places. 

fjhe small quantity it petroleum found in these tertiary rocks and 
the sfeseamwa^rfgfcfor gold will he subsequently noticed* 

The thickness of the tertiary sandstones and days in the roomily 
of jibe Salt Range must be great : the Nahan beds are about 2#S0 feet 
Willie Pal abridge/ 1 Wim** Siwalik* may be JfittH M* M the 

im*] 
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tipper conglomerates or clays about *,500 feet,-H»akitig m aty* *Wg^f 
speaking, 10,500 feet.* 


PoST-TERTIAR* AND RlOKNT. 

No. 15.— & still more recent set if pebble beds than those tilths 
Siwaliks, capping the lulls over the £jddn gorge 
tertUl7 * near Rotas, has been referred to the poaUtaitudy, 

group, or older alluvial, or high-level river shingle of Mr. MedHootfs 
paper .f The same group was noticed long previously in the Salt Range 
(but included with the upper tertiary rocks) by Mr. Theobald*! 

I had noticed these beds in the" Soan valley in the Potwir and 
in other places. They contain frequently a large percentage of lime* 
stone pebbles and sometimes are almost exclusively made up of either 
these or of the same pebbles which occur in the uppermost SiwiUk con- 
glomerate. It has been said 'that the fetter conglomerate wastes away 
so as to furnish aif enormous quantify of boulders oovering the ground. 
Where these lie thickly and are cut through by streams, the unconform- 
able mass exposed, though perhaps but quite locally derived, has exactly 


• Hr. XedUoott has in his paper (Bsoords, Geological Survey, Vol. IX, p. 40) Indi- 
cated much of the difficulty which prevented the fall recognition of hie group* in the 
Northern Puqjib until he was able to traverse the country reaching from the typical Sub- 
HkaMdoyn area to this district and identity them heie himself. 

Al thou gh the general characters of the Upper PnnJAb Tertiaries agreed with the whole 
Sob-Himalayan series,! was unable previously to da the divisions with any certainty, bemta^, 
1 could And nstthar the same stratigraphies! breaks in tbs series, oor an exceptionally assi- 
duous upper (or ffiwalik) poop. 

Ihadpr^femfy ppiutsd cut that the whole of the Potwdr sandsto ne s, fro., were ware 
or lass ossiferous from the nnmmujitio (flabdthfi) upwards,* sod Mr. Ly dskker*i rtfersooe 
tofoasU* from UM>e of ths Kiri beds near Eoshialgar (Records, VoL IX, p. 04) shows (hot 
the e bomw pir of bones Is not su ffi cien t to fts the rooks is Si walk; the U&fe f h fo ffieo i 
ft* the ds t m mlmdiim of the boundar y b etween the ffiwatik and the Naben or Moms hade 
hi fee fteM ofBl therefore be petition and Bftbologioal structure. 

^ feik GooUtfM Sumy, Tol, !*,*.•*. 
t ffymfeu the Belt Binge, A* ftp, Bsog * p. m. 
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the appearance of the conformable Siwalik conglomerate group. In this 
way I found it difficult to aooount for the masses of pebbles resting 
unoonformably on the edges of the Siwalik sandstone at the Rotas gorge, 
except on the supposition that the beds had been recomposed. Far away 
to the west at the Tillage of Namal, these unoonformable beds are again 
seen and without the accompaniment of Siwalik conglomerate in the 
immediate vicinity. The deposit near Rotas is at about 1,000 feet of 
'elevation above the sea ; the Namal pebble beds may be situated 100 
feet higher, but there is a very similar deposit of boulder beds (that 
mentioned by Mr. Theobald in his paper on the Salt Range, p. 672), on 
the Son plateau of the Salt Range near Nowshera at a height of over 
2,500, or even 2,700 feet. 


Besides the ordinary alluvium of the Rivers Jhelum and Indus, there 
are in the eastern parts of this district masses of 
superficial deposits much resembling the river allu- 
vium, but, very rarely, containing fragments of the local rooks and often 
fairly stratified, the stratification being nearly horizontal. As the ooun- 
try is so much occupied by soft, easily abraded rocks, these fine deposits 

Older «iit. m ver ^ P* obabl y of the tertiary sand- 

stone and day beds. They frequently contain 

Ininkur, but 5o not resemble alluvial flats either in position, form, or 
elevation. The very convenient term loess has been applied to them, dud 
the idea was suggested that such deposits might resemble those described 
by Richthofen as accumulations formed only by wind. The occasional 
erratic pebbles enclosed showed this view to be untenable. 

The flanks of the hills near Khyrabid towards the Indus are 


covered with a mass of tfoulderand day debris, sometimes gypseous, which 
I would assign to the post-tertiary sub-division; and dose to Miri on the 
outer side of the hiUs v grey and reddish-yellow sands and dqr* fern 
Boulder tim banks sloping towards the ykdns from their foot. 

* These may either have been limed by the Indus 

floods, or may belong to the post -tertiary group . 
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The very strongly marked boulder-zone along the southern foot of 
the range (absent where the sands and days just mentioned ooour), 
is evidently doe to the aotfon of swollen torrents. 

Bonlder-wme. bearing down boolders from ftie hills. This zone has 

a varying width, generally greater where the number '# size of the 
mountain streams is largest, and the fragments are, of comae, those of 
the hardest varieties of the Salt Range rooks. 

It may commonly be observed that the streams from the hQb o row- 
ing this zone terminate about the commencement of the finer alluvium, 
as if this covered a stratum of the coarser debris 
^ Ta-miniiti Mi of south- through which the water (when any exists in the 

channels) would be enabled to percolate more 
readily under ground than to find a way for itself across the slightly 
inclined or level plain. Unless this is the case, it seems almost unaccount- 
able that the streams should not in many oases be able to reach the 
Jheloin river, only eight to twelve miles distant from the range, while 
several of them come from far behind the general escarpment. 


On the north ride of the range the moat recent accumulations are 
north lido of usually either rain-wash, sandy mnd, or olean grey- 

sand ; and the ground would appear to have been 
once less ragged, small, perched, isolated, remains of nearly level surfaces 
occurring here and there among the Tain-worn ‘ iAuddera,’ which presents 
throughout a most powerful example of the action of rain water. 


In the lower portion of these * ihuditra ’ streams, where their beds 
are wide and Sandy, gold is sometime* washed for 
^nriferoM«*nd«,*<s. gfta. ; the places poifited out to me have beta 
• usually freshly formed banks, of coarse material, and the yidd was arid 
to average from two to four annas a day per man. dose to the mage, 
iowera, it does not seem to be at all a thriving industrial purmit. The 
tods, metlyri of cradling, and treatment of the remits with memory, are 
jfnTly detailed in Dr. Hearing’s report at page 665. 
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On the different Ugh plateaux where the angles of elope of the 
ground ere lowest, a fine argillaceous eOt washed 
Bateau «Ut « stub. ^ ^ neighbouring hills is deposited and forms 
some of the richest soil to be found near the 


In very many places, and, of course, most frequently in the vicinity 
of the limestone rooks or on their surface, very large 
deposits of calcareous tufa Obour enclosing Planorbit 
or JMt-bke land and marsh shells, sometimes fragments of land-crabs, 
and often,* as usual in such deposits, beautiful impressions of leaves. 

The salts of the lakes and the * kallar ’ often found along streams, or 
SaMssf ui . , on the ground on both sides of the range, being 
derived from efflorescence and collected by water 
in many eases, may also be inclnded among the recent deposits. 

South-west of Mfri, on both sides of the stream which flows 
through an open hollow in the range near Khyra- 
* ** **** b&d, are some large rounded or elongated hills 
of drab clay, extensively mingled with gypsum, 
liny occur in the neighbourhood of seen or supposed fruits, and if not 
a produet of local streams which first deposited and then excavated a 
passage through them, they may be rearranged portions of the red marl 
its elf. St has been supposed that this gypsum here was the result of 
deoomporirion of Kmestone by sulphurous springs ; if so, the action 
must have taken plaoe to a very large extent. 

fie deposit beam no similarity to the Sabfitho gypsum of the north- 
ern ride of the Potwfit, and, on the whole, subterranean waters may 
have been its meat likely mama. 


Sea paper on the former extension of glarien within the Sengte 
District, Hr. Theobald alludes to Dr. Vamhmrt 
*W s t|lsBtsM. notice of the erratic Mocks moth of the tieft 
Bangs; he aarigua to these blocks + fflftt Hnl 
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origin from that previously attributed to them, and oonneets then with 
the same glacial period whioh he believes to have left its traces in the 
Kangra valley. 

The blocks alluded to are situated near Tripp or Trih, a* village 
eighteen miles distant from the nearest part of the Salt Range, and the 
only other erratics near the Salt Range which, so far as I am aware, 
could be referred to this supposed glacial period are the large one in the 
Khewra valley, another above B£ghanwda, most probably derived from 
the boulder beds of group No. 10 m the dories; or some crystalline blocks 
found at the foot of the escarpment between Jattlpur and Bdghanwdhk 
The power whioh transported these blocks and smaller erratics of the 
Salt Range, if it was not gravitation from the outorops of the creta- 
ceous (?) boulder beds,* aided by land-dip, may be perhaps referred 
to some form of ioe flotation which seems the only agency adequate for 
the removal of such large blocks as some of those referred to. 

The general series. — With regard to the general series now described, 
the sections nearest the Indus are known to be the 

Tallinn— of Moti m 

fullest, and though local developments have been 
found to difier trans-Indus^ the hills in that direction forming the 
continuation of the range still eontain parts of the Salt Binge aeries, 
end seem to be moat largely formed of the mesoztuc and tertiary rocks » 
portions of (he older strata appearing in plaees. 

Although several of the ois-Indus groups have but a limited lateral 
extension, a general eeqn e noe throughout hue been shown to erasj^ unac- 
companied by tanked or established unconformity to the poet-tertiaqr 
groups, yet ch a r a cteri sed by eeveal instances of trpnegreseive depasi- 

• I tawsy b* 1 — Hr jmr* r*t"f t*s>h» nsesld 

Und.ii tan. ttise«Mllx «***!•••** for * dr eriptel pdNoaia the «***» 

Os «gmp ct to. Kr. tlMohdd'i fiwereiy daa the lint* w* 

nrfpn. «f » vwtaUs kHtaM tata m the «d» tame idMttaMHsswtalan 

bmt **** tn* mm ttodiir «hd» tf tU hnaUh. tod%, k nmf Walton* 

im seta, m (to Uma^ar Ha g gmm, M dtar pto ** ttosmtay tofcdraf Ml 
<* Utah f ~ ‘in 11 f -Y r~ tie 1111 is I Li 
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tion or overlap. Had some of these groups extended farther, difficulties 
in the way of placing several of the others would have been removed. 

Hie intervals left unrepresented, by the limited extension of certain 
of the groups, must be very considerable, and each case of the kind 
points to a break in the whole series similar to that oontended for by 
Mr. Medlioott with respect to the nummulitic and newer tertiary 
boundary. It cannot be supposed, for instanoe, that while some causes 
limited the carboniferous rocks to one end of the range, carboniferous 
deposition was not going on somewhere else. If this limitation of 
deposition were observable only with regard to one formation, it would 
seem less strange, but there are here at least six or seven instances of 
circumscribed deposits of different geological ages, from possibly pre- 
rilurian upwards. What the conditions were which thus confined the 
deposits of a geological system so extensive in time, with so few indi- 
cations of even local unconformity, and restricted to the comparatively 
*small area occupied by the Salt Range, is a difficulty which may be 
printed out, but which I cannot at present explain. 

Trans-Indus appearances of unconformity are stronger, but, so far 
as yet seen, are chiefly limited to the basal and upper boundaries of 
the cretaceous beds; the junction between tbe carboniferous limestone 
and tertiary sandstones, foe., of Kfiffir K6t (south), is perhaps also 
an instanoe in which the older rock has been denuded before the deposi- 
tion of the newer formation. 

The general absence of disoordsnoe in the series on tins side of the 
Indue must be token ss evidence of enormously prolonged tranquillity, 
extending through all tbe epochs of paleozoic, mesosrie, and emtosrie 
time; and yet these tranquil conditions can have been but very looal, for 
besides the unconformity just mentioned beyond the Indus, them is the 
most palpable discordance at Sirban Mountain in the Himalayan region 
b e tw ee n the infra-triassie beds sad the underling slates supposed to be 
sQntisa— -« formation of which the 8alt Range represe nta tive is perfootiy 
conformable with the mat of the series. 
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PART II* 

DETAILED DESCRIPTION. 

Section I. — BakhXla Ridge.* 


In describing the local features observed at various points in the 
Salt Range, both the form of the ground and disposition of the rooks 
suggest that it will be best to commence to the east where the aeries is 
least full, passing on westward to its termination as the “ Salt Range 
proper ” at Mari on the Indus* 

Most people who have passed that way in the daytime may 
remember on the Grand Trunk Road, about twenty 

Situation. 

miles above Jhelum, a sharp dip into a river valley, 
and then a long ascent over intensely ravined ground, towards a higher 
grey rocky ndge which the Toad crosses, through a tortuous and no# 
unpicturesque defile. This is the Bakr&la ridge, taking its name from 
the pass, or a small village on its southern side. The ridge commences 
about four miles northward by east of the road, and may be said to 
terminate at Diljaba Mountain, having a length altogether of some 
thirty-three miles, and an average height of 1,200 to 1,500 feet 
above the lower ground in its neighbourhood; that lying to the 
north being some 400 or 500 feet higher thun the open vallqy to the 
south.f 


In the pasB itself a fair section of the beds is seen, showing them 
to form an open, contorted, anticlinal curve, undu- 
lating a good deal within the* pass, but dipping 
steeply at 40°, 50°, and 60°, to the north of west and south of east 


• The Bftkrlls F*s ajttle way bejooA the Batts shown upon the nap. hut* 
ttoTOSfcaSnmpart'tf the nW ti ilWtU iy sandstones, 4a, near the Salt B*nge> they as 
described. 

f IjEThers not Mated to he otherwise (as In this ease), the heights given gee time 
marked spon the Opreniment sups showing attitudes abor* «• IotsL 
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respectively, at either end of this pass. Out in the plains to the north 
the dips become lower, and sometimes in a contrary direction, showing 
undulation of the beds ; while on the Bakrila side they rise to vertical, 
having been apparently sharply folded and cut off by a fault along the 
base of the ridge. The rocks are grey and purplish sandstones, and red 
^ shales or clays, pseudo-conglomerates, and lumpy, 

slightly calcareous argillaceous bands, micaceous, 
grey and purplish soft shaly sandstone*. These beds frequently contain 
a few indefinite plant impressions ;* they all belong to the tertiary sand- 
stone and clay group, and are chiefly remarkable for bearing a greater 
resemblance to “ the Murree” beds than has been found to exist to thd*~ 
westward along the northern flanks of the Salt Range, in which region 
they do not seem to have existed. 

This resemblanoe to the Murree beds is only to be observed along the 
ridge itself and among its lower beds ( (a) of fig. 6, Plate X, (b) being 
Lower Siwaliks). But in the lower ground on both sides grey sandstones 
and brownish orange days prevail, a zone of red clays with some sand- 
stone beds dividing the two, or belonging more to the upper group. The 
brown or drab days predominate just to the southward of the fault 
between the ridge and the village of Bakrila, and extend thence the 
whole way to the stream (a tributary of the Kah&n) crossed here by the 
Trunk Bead; they belong to the Upper Siwalik group, being the form 
which it assumes when conglomerates are few or absent. The anticlinal 
structure still characterises the ridge westwards, but is by no means 
regular, the beds being affected by many subordinate contortions. 

At a distance of about three miles south-by-west from the village 
of Bakrfla, and quite on the southern side of the ridge, some nummulitio 
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limestone makes its appearance amongst local dislocations^ and may be 
traced at intervals as far as the hill over DomdlL Urn ridge here 
becomes doable and mnch wider, a long valley and other depressions 
dividing it midway longitudinally. The lime- 

ym miit iiB li]ii6fton6i 

stone occurs on the top of the southern elevations^ 
being apparently brought up by a greatly compressed and broken anti* 
clinal fold. It contains numerous easts of Qattropoda and some 
Nummulite*. In a dunchy shale below are large and small Oatrea, and 
the lowest beds seen are of bard red ferruginous and spotted amygdal- 
oidal-looking heematitic clay of lateritic aspect :* (See fig. 7 (Plate X), in 
which a is nummulitic limestone ; 6, N&han ; c, Lower Siwalik ; d, Upper 
Siwalik ; F, faults). 

The chief fracture which has brought these limestones, &©., into 
view is not very easily traceable among a number 

Faults. 

of smaller disturbances, but seems to have had an 
east and westerly direction, north of Domlli ; and the limestones, &c., 
do not continue in this direction across the river, on the banks of which 
that village is situated. 


The anticlinal arch has here lost a good deal of its symmetry and 
tJnsjminetrioal anti- become normal, the, angles to the north being low, 
while those to the couth are very high, and the 
bei vertical, or closely crushed* A soft red zone also occurs at the outer 
foot of the hills on the Domdli side, and appears to occupy most 
of tjie escarpment of Nili hill near the centre of the ridge; (fig. 8, 
Plate X-*-o, Ndhan; 4, Lower Siwalik ; F., fault). 


The tertiary mudstones and other beds of this part,of the range am 
Umimumuii frequently covered by a white saline efflorescence; 
eteg. and a considerable sulphurous and saline spring 

issuing from calcareous tufa is situated at the foot of the hill 
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Kalra.* The oeeurrenee of this spring is very probably connected 
with the faulting which has allowed the ntunmulitic limestone to appear; 
and the sulphur may perhaps be taken up by the water from the 
pyritous shales which usually underlie this rock, although they do not 
appear in their ordinary plaoe above the hematite nearer Dom&i. 
Further to the south-west the ridge maintains very much the same 
character, lower angles of inclination being observed on its northern 
side, and higher ones to the southward ; the beds also on each side are 
softer than those of which the ridge itself is composed, and more 
level ground than the " Kkuddera 99 along the hill-foot has formerly 
existed, as is shown by numerous patches of the older surface not ' 
removed by denudation. 

The country on each side of the ridge, particularly to the south, 
is covered by immense deposits, chiefly of clay. 

Country oo osoa bba 

the results of atmospheric denudation; but the 
numerous ravines, streams, and higher parts of the ground occasionally 
expose the soft Lower Siwalik beds of the tertiary series. 

Where the Bunh&r river cuts through this Bakrflb ridge at the 
gorge of Ghoragali, the rocks have suffered more 

GhoragaH. 

than usual disturbance and fracture. Thick, soft 
grey sandstones with occasional pebbles are seen beneath the superficial 
deposits in the river banks at a mile or so from the northern entrance 
to the gorges, dipping to the west-by-north at 10*; these an faulted 
against gfeenish and brown sandstones and drab or reddish days, which 
are folded,#vertical, and compressed, and brought by another firalt against 
a strong vertical rib of whitish nummulitio limestone ; the latter runs 
up the right side of the gorge, widening, as it goes, to join the limestone 
patch capping Diljaba mountain. At a little distanoe on the left side 
of the gorge this rib of KmeUwne is out oat by other fractures, and dis- 
appears. Close to the limestone, on its southern side, the gmy mud- 
stones and red days are much crushed, dipping t o wards it at fid* sad 
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higher ingles; but a little further away, assuming the usually high 
dips of the southern side of the ndge. These sandstones beoome conglo- 
meratic with sUioious and limestone pebbles, and are overlaid by a beoad 
belt of bright red clays with fewer sandstone bands. (Sts fig. 9, EL XI*) 

Diflaba mountain, the south-western termination of the Bslprdls 
D|1 ^ u ridge, is much more lofty than any other portion 

of it, having a summit elevation of three thousand 
and fifty-two feet. Prom the abruptness of its north-west scarp and 
the occurrence of some of the tertiary sandstones close beneath this, the 
mountain appears to have been separated from the rooks of the low oountzy 
upon that side by a continuation of the fracture or fractures seen in the 
Qhoragali gorge. Having passed the thick covering of detritus olose 
to the foot of the escarpment, the dull reddish-purple sandstones of the 
group No. £ in the table are exposed. Over these cornea the dark ahaljr 
zone No. 3, surmounted by the strong magnesian sandstone group, 
overlying whioh is the red and greenish, flaggy, “ salt-pseudomoiph 
zone.” This is suoceeded.by the conglomeratic beds and sandstones of 
the "olive group," here containing the remains of Ostrea, and passing 
beneath the lower beds of the nummulitic limestone, the talus of which 
probably conceals the ooaly shales frequently occurring at that horiion. 
The stronger beds form cliff-benches, and the ground is in places covered 
with suuAetta jungle, so that the section is obscured, or is concealed by 
detrital accumulations on the benches, but can still be made ont. The 
nummulitic limestone, just on the ridge, is flat or gently undulating, 
averaging from fifty to a hundred feet in thickness ; but almost immedi- 

Dmiiili imiiuin riojoi. •Mf commences to descend the south-eastern 
slopes pf the hill with a rapidly increasing dip. 

» The veryapmmit if formed of the lowest beds of the tertiary sandstone 
Aging confcnnsbly upon the limestone and stretching up the steep south- 
eastern sides of the mountein ip grqpt sheets, which, pieced almost on 
edge, farm aground too steep for cattle or almost for goats fo frequent, 
and consequently a favourite haunt for the u Qorier," “Metoo,” 
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or wild sheep (Ovi* cgcloomi ) of these hills. The beds which more 
immediately overlie the limestone are of gtcyandstonc, lumpy shales, and 
pseudo-conglomerate. Some of the sandstones are very coarse, and in one 
of these t short bone, like the humerns of a reptile, was found, which 
broke, however, in the effort to remove it. Overlying these ^ reaching 
along the base of the hill is the strong red clay sone, before alluded to, 
snooeeded by soft grey Siwalik sandstones and light brown clays (see 
fig. 10, PL XI). 

The most interesting «■— wma tanoe connected with tlii« Bakrhla 
to Hume i» the identity some of its beds present 

to the Marne group, fend in consequence to the' 
older tertiary rooks of the Sub-Himalayan series, while this identity, 
together with the occurrence of bones, bone fragments, and Mastodon 
teeth, seems to present in one group the characteristics both of the lower 
tertiary and the Siwalik divisions. 


Before dawribed. 


Section II. — Mount Tula. Ridge. 

A short paper has already appeared in the Records of the Geological 
Survey* explanatory of the geology of Mount 
TiUa ;^Jstill, as the ridge claims a place among the 
connecting links between the Salt Range and the Himalaya, it must be 
noticed. The eastern termination of tip Tilla 
Eiston tominstioa. JMgs jugt crosses the Grand Trunk Road, from 

which the hill itself may be plainly seen, looking all the finer because it 
is viewed endways and frill advantage given to its height of 8,242 feet 
above the sea* The ridge has a length of 26 miles, but the western part 
only is lofty,* few bungalows upon its summit near the Hr (or sacred 
locality of the natives), with its fine old tank and temples, ampunded by 
various trees (among which a deodar is conspicuous), fotpung a email 
but picturesque sanatorium for Jhehm station. 


• Eeewfl* CW. Benny of IaO*. VqL m, pt.XV,p.WU 
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Bound the termination of the ridge to the eastward is the low 

Ailimiim and oonglo- aQ d alluvium of the Jhelum, which, follow- 

mentus »me, ing the course of that river, extends along the 

southern side of the ridge past the wide sandy bed of the Bunhdr river, 
as far as the neighbourhood of Dh&rapur. Embracing the low extremity 


of the ridge, and rising from this alluvium, is a crescent-shaped belt of 
low pebble-covered hills, derived from the waste of the incoherent 
Upper Siwalik conglomerate rocks. The pebbles in these consist prin- 
cipally of quartzose grit with fragments of other metamorphio or crys- 
talline rooks, and the detritus, apparently of these beds, is found as a 
re-arranged, unoonformable, post-tertiary deposit, resting upon the 
of the ridge near Rotds. Where such beds as these occur in open ground, 
it is very difficult to see their relations ; they weather down into beaoh- 
like slopes, covering everything else from view, and when oooasional cliff 
or bank sections occur and total discordance can be seen, the re-arranged 
materials simulate the original structure of the beds so closely that 
appearances cannot always be trusted.* The horse-shoe arrangement 
of the pebbly ground, however, coincides with an anticlinal structure 
seen at Rotfis gorge in the tertiary sandstones, &o., and conglomerate 
bands are occasionally found intercalated with* the latter beds in the 
neighbourhood. 


The gorge of the Kahfa river, near the old fortress of Holds, shows 
Bstis gorge. both these and the unoonformable post-tertiary 

conglomerates, as well as the subjacent tertiary 
sandstone and olay beds (see fig. 11, PL XII). The conglomerates 
are much more frequent over the country beyond the north-east 
bank of the river; while on the opposite ride of the stream they 
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extend bat n abort way, the mass of these beds having been removed 
or never deposited. 

From Rotds to Mount Tilk the Upper Siwalik beds are all on 
Fnm Bolls towirdi running in a south-westerly direction either 

™ a ‘ straight for the hill, or so as to pass dong its 

southern side, occupying a width of about three miles. In these rocks 
contortions may exist, bat the tops of the arohes having been removed 
by denudation, the structure of the ground is obscured; the main 
anticlinal, however, as at Botfis, lies well to the south-east side of the 
broken rising ground. In a southerly direction tbs country near the hills 
is covered by debris, apparently derived from very soft underlying rooks 
in which days predominate. Just along the foot of the tertiary hills are 
conglomeratic beds with limestone pebbles, pseudo-conglomeratic and 
grey sandstones, with light brown days. Ascending the dopes, purple 
and red days alternate with grey soft sandstones; while about the 
region of the anticlinal, and on the north-eastern side of this, brownish 
days, and soft, coarse and fine sandstones, with some gravelly beds, 
again appear. Near the middle of the ridge, where the road from 
Ihfilum to Mount Tills meets the old one from Rotds, a zone of 
ussifcnisi dkndstones is intercalated with the brownish days and aand- 
bads. stones. Bone fragments are locally numerous in 

this, but as they are embedded in a very frag- 
mentary state, the finding of good specimens must be quite accidental. 

The thickness of the tertiary beds of this ridge and its neighbour- 
hood must be great, but calculations regarding it 
are afieeted by uncertainty as to the existence of 
sempmawd and ocmoealsd contortions. Beneath the Botds fort these 


beds dip to the north- west steadily for more than a mils at 60° and 70% 
giving a tftkfcnca s of 4,700 to 6,000 feet. In the event of pledtons not 
occurring, tha t thickness might be fairly doubled, while the softer bed* 
bejopd the ridge may be at least 5,000 feet more. Hanes 10,090 feet 
does net seem too large an estimate for this portion of the tertiary itjfks. 
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Mount Till*. 


Anita. 


At a distance of eight miles from Rot#, Mount TJjfra 

to rise above the lower port of the ridge. Here 
older rocks are brought against the beds just now 
described by a fanlt or faults, the beds of different age in contact bring 
greatly crashed, and some of the red tertiary days 
in the neigktfttthood have the rather unusual 
character in this part of the country of being gypseous. The hill bring 
high and the southern escarpment bold, instructive sections appear almost 
everywhere upon it, and the geological structure is dear ; but the series is 
repeated in great part twice, if not three times, by slips or faults parallel 
to the main dislocation (seefig. 12, FI. XII). Along the south-eastern base 
of the hill, the ground, there tolerably high, shows the grey and brownish 
or red portion of the tertiary beds, generally nearly vertical, with an incli- 
nation towards the hill, but sometimes folded. The lowest rocks appear- 
ing along the fault are the earthy basal portion of the purple sandstone 
group No. 2, with here and there possibly the top of the red marl of No. 
1, which shows itself further to the west; but this is so much of the 
colour of the red tertiary olayB, observed to be gypseous near Mogli 
village, that it is difficult to distinguish between them. 


Thin purple sandstones, the silurian zone, and overlying magnesian 
sandstones, fcc., form the olifls, above which the 
supposed trias group. No. 8, with salt-pseudo- 
morphs, appears, and the summit is formed by an anticlinal roll in the 
hard magnesian group. The red zone No. 8» again 
showing itself on the steep bedding-slope of the 
northern side of the mountain, i* followed by a thin and uncertain repre- 
sentative of the nttmmulitic limestone, with some shales betew it hero 
and there; {hove this come the usual grey and greenish lower tertfetoy 
i sandstones and roddUh days. The red days hero (as daewhero), becom- 
ing totally prevalent, range themselves in a zone along the north haw of 
the bill, beneath the soft gfcey sandstones and brown or orange days 
forming ttf Lcnyer SiwaKk group. Remnants of tto nurnmuRtmtilsa. 
stone also oocur near the su mm it of the hOL 
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Thickness. 


The following is the estimated thickness of each 
of the groups 





Feet 

fiiwalik sandstones and days, grey, brown, and red aoses 

1,200 

Ndhan ions 

— 

... 

800 

NnmmnlitAc limestone 



... 15 to 80 

Balt-pseodomorph sone, variable 

••a 

. . 

... 80 to 20 

Magnesian sandstee 

... 


... 150 to 200 

Blsck shaly sone (siliirian) 

sea 

... 

... 100 to 180 

Pnxple wadstane group 

•aa 

... 

... 170 to 250 

Bed salt-marl with gypeum ... 

•at 

... 

... 50 and upwards. 


Immediately to the south-westward of the summit two deep ravines 
l Ugnrian expose sections in the beds as low down as the pur- 

pie sandstone,, the magnesian sandstone forming a 
narrow edge above a vertical precipice formed by this and the under- 
lying rocks. The same group undulates over a large lobe of the moun- 
tain, between some ravines and the more open glen north of N&ra, edged 
by precipices. At the base of these the salt-marl makes its appearance, 
while from their crest the steep north-western 

Nan gun. 

slopes of the mountain oommenee. The salt 
mail here is, as usual, accompanied by gypsum and white calcareous bands 
(probably magnesian limestone layers), which contain very perfect casts 
of hopper-crystals of salt.* These are rather numerous close to the 
Mount Tills experimental shaft, sunk in this gypsum and marl to seek 

_ the salt which ought to occur beneath it The site 

Sstt man. 

chosen for this shaft or driving seems to coincide 
exactly with the run of a fault or extensive slip. Appearances outside 
would lead to the expectation that the solid rock should be found jmuoh 
within the length the driving has been carried to, instead of which the 
ground it has passed through exhibits a most heterogeneous accumu- 
lation of detrital fragments of the local rocks. From this fact it 
would seem that the line of division between a great subsided mass 


flattnaxL 
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ef the magnesian sawbtone and the main mountain, mssA or 

u hang 11 to the north ; bat maoh confidence cannot be fait in speaking 
of debrie, which is nearly all that the driving er poses. Has debris 
can hardly extend much farther, and it is understood the diking is to be 
carried through it, into the rock* of the mountain, where its sobies 
towards the position of the salt wlQ be derided by the lie of the 
beds. As nsual in mining operations, where the extension of the befib 
is not known, nothing but a trial could prove the fact of the salt being 
present here or not ; but the probabilities are all in favour of its exist- 
ence.* Salt-springs occur, perhaps on the same horizon, at the edge of 
the Bunh&r river near Find-Sevfka to the south-westward, and also near 
the north-eastern termination of the older groups of Mount Tilla not far 
from Bangial, at a place called Lun&da. The occurrence of these brine- 
springs in both places is probably connected with that of the main 
Tilla Fault. 


Beneath the precipices over N&ra glen may be observed the first 
indications of the boulder zone which borders 

Boulder sons. 

the Salt Range along its southern side. 

The south-western extension of the mountain beyond these eliffii. 
South-western exten- though high, is less so than the more faulted por- 
mm of mountain. tion, but still it has summits of 2,804 and 2,004 

feet. An open, though incomplete, anticlinal structure occurs here, the 
south-eastern aide of which has suffered dislocation and erosion ; and the 
whole mountain having a somewhat broader base, the foundations of 
the wide and undulating arch occupy a larger area. The salt-mod is 
just seen at the base of the escarpment, the purple sandstone forms the 
body of the cliffs, the dark shaly Silurian zone accompanying it, end 
the hard magnesian mndstone forms rough undulating plateau ground, 
overlaid by the salt-pseudomorph band, here locally tbiok. The IJjtfhaa 
aendstone-and-olay aeries caps the mountain end contains quantities 
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of silicious fossil exogenous wood, a narrow zone of nummulitic lime* 
stone being just traceable beneath it. These upper beds tom down- 
wards on the steep north-western mountain slope and the red earthy 
zone, and softer sandstones with brownish days occupy the lowest 
ground in this direction, which is, however, much cut np by khuddera 
and ravines, and rendered more rugged than it would otherwise be 
by reason of the steep angles at which the beds pass downwards. 

At the western end of the ridge all the beds are suddenly bent down 
Cum et west end of and locally faulted or fractured, describing in 
ridgs> plan the half of a semicircular arch with a radius 

of more than two miles, the other half being apparently cut off by th£~ 
Pind-Sevfka portion of the Tilla fault. This arrangement of the beds 
is well shown by the topographical ornament upon the one-inch map, 
and the tertiary beds roll over to so great a degree that they often lose 
their outward inclination and sometimes appear to dip towards the 
hilL With this structure it is difficult to conceive much internal or local 
contortion of the beds, an<f in the absence thereof, this portion of the 
tertiary sandstones and clays, including the N&han beds, must have a 
thickness of fully a mile and a half, or seven thousand nine hundred and 
twenty feet. 

Here and along the north-western base of Mount Tilla the patches of 

, . , ancient flat surfaces before alluded to are not un- 
Bennantiof old plains. 

common, and masses of recent conglomerate appear 
to have once filled the gorge at Pind-Sevfka. Between this plaoe, also, 
and Ghoragali Pass, the Siwalik beds appear to be 
auriferous, gold being found in the sand of the 
Bunhir river, but not in larger quantity than usual. 

With the exception of one group, the “ olive group,” or ^oretaoeoua," 
and some shales below the nummulitic limestone, it will be seen that 
Mount Tilla forme an epitome of the whole of the 
BfttMsr. stratigraphic geology of the Eastern Salt Baqge. 
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Section III. — Chambal Mountain, East. 

There are two Chambal mountains, one west of Jat&na and the other 
_ . . ,, A _. north of JalAlpur. This latter mountain presents 

Bast. much peculiarity as to structure. In its vicinity 

great fractures occur, and it appears to be itself* a result of extreme and 

n .. a complicated dislocation, the ordinary anticlinal and 

Peculiar position of r J 

strata and dislocation. synclinal disturbance being interrupted by faults. 


Chambal 

East. 


Peculiar position of 
strata and dislocation. 


The disturbance of Mount Tilla is great ; its dislocation and con- 
tortion, however, appear natural and intelligible, but having crossed 
the Tilla fault, the strike of the strata, their inclinations, and 
positions are discontinuous and discordant, the later tertiary beds 
striking so as to run against the earliest rock of the series, the red salt 
marl; and the only remnants of symmetry left being in the dips 
of these newer beds, those of the two mountains tending to form 
opposite sides of a broken synclinal valley, in whioh rest the broad 
quicksands of the Bunh&r river. 


One spot where extreme results of dislocation can be seen is the 
lowest and last, the Pind-Sevika gorge of the 

Pind-Sevlka gorge. 

Bunhar river; on the Tilla aide of this are the 
undulating, nearly horizontal, but depressed, older beds of the whole 
series, with a little of the salt- marl at their very base (from whenoe 
brine-springs issue) ; while on tire Chambal side the purple sandstones, 
Silurian zone, and mag n es ian sandstone incline at an angle of 46° to 
the north-east, bong apparently cheeked by a fault ; the red zone and 
overlying beds of the upper tertiary aeries dip in the same direction 
at 50 s , 60 s , and 70 s , in such a way that their strike, if prolonged, 

' most abut against the older rooks of Tilla. 

Again to the north of Ja&lpur the whole series is reduced to the 
si mi li t ude of a gigantic breccia, in each 
meat of which aeveraf groups am inelad wd , tike 

( Ml ) 
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disturbance first met with north of that town being so complex that 
the one-inch map fails to show it correctly. 

The scarped side of this Chambal Mountain, unlike other similar 
features in the vicinity, is presented to the west- 
ward, and bears the nearest analogy to a step-fault 
on an enormous scale, repeating the features found in the scarp from 
Jalilpur to Jutina. The escarpment is high and steep, rising over 
the village of Chanod (or Chanad as spelled upon the map) to 2,290 feet 
above sea level.' The base of the cliff is covered with a deep talus of 
debris and travertine conglomerate, but the salt-marl and gypsum can 
be seen in many places along its lower part ; and at one place, not fare- 
from the village named, a subsided mass shows the whole of the purple 
sandstone group capped by the shaly silurian band. 

In the escarpment itself both the purple sandstone and the shaly 

M . . band re-appear and are continuous along it, but the 

Chambal aeaip con* # 

turned. magnesian sandstone is only slightly represented, 

its development increasing to the northward. The red zone with salt 
pseudomorphs is absent, and the lower beds of the tertiary sandstone 
and clay series rest directly (where the succession is complete) on the 
representative of the magnesian limestone or on the underlying silurian 
band, without the intervention of either the olive series or the nummuli- 
tio limestone. Three characteristic groups of the eastern succession 
are thus missing, and among those that are present any want of 
development seems to have been the result of thinning out, and not of 
pre-tertiaiy denudation having removed any portion of them; so that the 
series, limited as it is, still appears to be quite conformable. 


From the crest of the hill the tertiary sandstones, Ac., curve 
downwards towards the east at angles of 60° and 
T«rtey mntoaam, gQ°, gjey sandstones and the reddish days rapidly 

alternating as the beds succeed each other, the clays predominating in 
a soft gone worn away to form the valley traversed by the Jhelum road, 
.and following the curve of the hill. An escarpment facing Jjhe moun- 
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tain borders this valley or pace, and is formed by «ome strongs* bands 
of sandstone, etc., the dips being still high, and, near the village of 
Nfirpur vertical, giving a thickness of more than a mile* Further 
eastward soft grey sandstones and light brownish Siwalik days with 
conglomerate bands undulate over an intricate and deeply-rsvmed 
miigfl of lower hills towards Dirapvr, some of the sandstone bedd 
being extremely soft and weathering down to sand heaps* These? upper 
beds form a veiy wide arch with gentle inclinations, except on the 
banks of the Jhelum, where the dips are generally high. The series is 
as follows 



Fig IS. Section over Ohambal Hill (East), 
a. Dolomite bed in Salt-marl. 


Feet 


Siwalik No. 18 


Nihon No. IS 
Nos. 9, 10, 11 


Pfctoosoac 


f Grey sandstones, very friable, and light brown marly 
clays •, maximum apparent thickness, which may 
be much below the real amount ... 

{ Bed none, chiefly clays 
Lower sandstone, etc. 
r Nnmmulitio 
. 5 Olive group 
Salt-pseudomojph i 


l 


6,600 

1*600 

600 

0 



4. M a gne s i a n sandstone 

8. Dark shaly band (Silurian) 

5. Purple sandstone ... 

1* Bed gypseous marl 


60 to 0 

160 to SOS 
60S 

... f 


In the dislocated: ground between Jal&lpur and Vang, the village of 

Baek,of0.dUoMM Cfaanod “ * itu * ted n< * r the middle of • failed 
■muia. portion of tbe rook., oomprinag aeveral of tba. 

keel groopa. The etreem below the village ahowe the red aeh 


< *» ) 



134 WYNNE ' GEOLOGY OF TJIB SALT &ANGE IN THE PUNJAB. 


marl, faulted against the upper tertiary beds, and just at the top 
ef the marls there occurs a massive band of pale, whitish grey 
dolomite, m places reddish and containing cherty nodules; hard 
white granular bands occur in it, and it has 

Dolomite in Mlt-msil 

all the aspect of solid grey limestone, and weathers 
in the same form, but does not effervesce with acid. It is well seen in a 
low hill at the southern edge of the plain of Chanod, where its thickness 
seems to vary from one hundred to one hundred and eighty feet. The 
same rock occurs again, brecciated, in faulted ground amongst the red 
marl, at the base of the Chambal scarp west-by-south from the same 
village, these being the only instances in which this bed has been found, 
along the whole range. 

The dolomite is overlaid by some four hundred and eighty feet of the 
purple sandstone group, the beds becoming calca- 

6eri * B * e * reous as they ascend, and including pale purple and 

orange, vesicular and calcareous bands with green specks, some slightly 
micaceous beds being more calcareous than others. These are succeeded 
by the dark shaly silunan band, here apparently thinner than usual, and 
resting upon it are about forty feet of the compact light semi-calcareous 
sandstones, of the magnesian sandstone group, passing apparently be- 
neath some portion of the tertiary sandstones not well seen at the surface. 

Where the tertiary beds rest upon the siiurian band at the south end 

Junction of tertiary °f the Chambal hill, the upper fifty feet of the 
snd saurian. purple sandstone group below this band is very soft 

and of a whitish colour ; the outcrop of tbe siiurian shales is but ninety 
paces across, with a southerly dip of 50°; and the Nihan sandstones 
resting on them form ground like that on the south side of Diljaba, 
their steeply sloping beds ascending to various heights upon the moun- 
tain side. 


In the neighbourhood of JaUlpur, for a mile to the westward of the 
town, and for several miles to the eastward, the 
llU * ,Br ‘ tertiary sandstones, conglomerates, and etys dipat 
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angles of 40°, 50°, and 55° to the south/ and for«r most ragged hilly 
ground. Up the stream from this town the steady southerly dip of 85’ 
and 40° does not long continue, the beds soon commence to undulate and 
are crossed by a line of intense crushing and faulting : for a width of one 
hundred yards the rocks are much mixed, fragmentary portions of 
different groups being brought together, squeezed, slipped, and wedged 
in amongst each other, the most prominent being the purple sand* 
stone and marls and gypsum of the salt series ; and the softer ter- 
tiary clays show saline efflorescence. This line of crushing and fault, 

bearing south-west, crosses from the southern 

Faulting. 

end of the Chambal scarp, so as to out off the 
Mangaldeo end of the Jut&na scarp and bring the older rocks against 
the tertiary beds, dose to a temple above the village of Dheri. 
Eight or ten other faults occur in the vicinity of the “ divide ” or 
watershed between the Bunh&r and Jhelum rivers here, nearly all of 
them bringing groups of most dissimilar situation in the series into 
contact. 


hills. 


The Kh&rian or Pabbi ridge on the south bank of the Jhelum, form- 
ing a sort of continuation of the Chambal hills, 
is principally composed of the soft Upper Siwalik 
beds, and, receding from the stream where crossed by the Grand Trunk 
Continuation of Chun- Road, is laid open by the deep cuttings for the 
Northern State Railway. The sandstones are all 
of soft texture, but are harder inside, and both these and the thick bands 
of warm orange or light brownish red clay crumble away and wear into 
deep ruts under the action of the rain, though “ so tough and coherent as 
to have required blasting in making the cuttings.” The beds form a 
low open anticlinal arch. 


bal. 


• The neighbourhood of JaUIpor itou to h aye furnished some good reptfflan sad 
other fossils during the rorny of Us. Fleming, ft* Although sought for, these highly 
fowilifsrons beds haVe escaped my notice. 
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Siotiom IV.— JalXlpub to JutIna. 

The well-marked escarpment from Jiklpor to Jutfina exposes very 
much the same section as Mount TiUa. The salt 
marl shows a thickness of thirty to fifty feet 
beneath the JaMttpur aid of the ridge, and on the northern side a thin 
representative of the salt-pseudomorph zone appears in its proper place 
as regards the underlying beds, bat overlaid by the tertiary sandstones, 
etc., to the exclusion of the nummulitic limestone and olive groups. 


Thll and to the west 


The beds forming the ridge have steady dips of 30°, 40°, and 50° to 
the north-east, with a tendency to flatten on fte 
outcrop, as at Thil, a couple of miles beyond which 
plaee a thin yellowish calcareous marly bed represents the nummulitic 
limestone. The red salt-marl is not known here, but a portion of it may 
be concealed beneath the debris immediately at the base of the escarp- 
ment. Above this comes the purple sandstone, well developed and suc- 
ceeded by a talus of the dark shaly silurian zone , then the strong beds 
of the magnesian sandstone ; then the red salt-crystal-cast zone, thicker 
than before; the nummulitic band, the grey, gravelly, and pseudo-conglo- 
meratic tertiary sandstones on the northern slope; the tertiary red 
elay zone at its foot, and the brown clay and grey sandstone beds of 
the Siwalik groups down in the Bunh£r valley between this and Mount 
Tilla. (See section, fig. 16, PI. XIV.) 


In this neighbourhood, at a considerable height upon the talus at the 
southern side of the ridge, a kind of drift or rain-wash contains numbers 
of small crystalline and metamorphio boulders, the source of which is rather 
myste&eus, seeing that the olive group, with its clay-shale conglomerates 
ofln fffrttng so largely of these fragments, is not represented in the local 
faction. The Adorn river passes through a- country in which conglo* 
mental of the tertiary series contain numbers of the same or similar crys- 
talline bonlden, and their presence here may indicate their having been 
transported by this river in former times. 

( Mi ) 




CLIFFS NEAR BHAOANWALA 



Memoii m Vol XIV Plate XIII 




IalXlujr to ^utIna.'. 


Westwards towards Bhdgaawfila the ridge gaOm wider, the Sarfiemng 

T ^ BMssirtrfl*. 011 the *°P °f *t ® 01 * d*«UW» thdWgh 

undulating, and the strike of the tertiary beds 
trends off to the northwards to enfold the termination of the Beaten* 
Plateau. In this locality, too, the olive sandstones and conglomerates of 
the cretaceous zone No. 10 begin to appear. 


The face of the escarpment close to Bhdganwtla on the left-hand 
side of the glen has been fractured, or slippage baa 
taken place, so as to present the appearance of a 
double set of lower beds, the fractures and their results being of the 
same character, but on a smaller scale, than those of the Tilla and 
Chambal scarps already mentioned. Within the little glen at Bhdgan* 
wala the rocks are much disturbed, the lower earthy part of the purple 
series being seen, and just the top of the gypseous red marl, here not 
sufficiently saline to impregnate a delicious stream of fresh water flow- 
ing through the ravine. The banks of this stream are lined with water- 
cresses, and highly coloured (blue and pink) crustaceans inhabitiihe water. 

Two paths lead from this gorge up the precipices to more undulating 
ground above. The best of these passes by a small bat picturesque 
ruin perched upon the cliff edge, and the other, which is by no means safe 
or pleasant, ascends obliquely to the eastward the cliff formed by the 
magnesian sandstone on the northern side of a deep ravine entering behind 
the outer hills. The path leads to the bed of a stream, which must form 
a fine waterfall as it descends over the outcrop. It was dry when 'visited ; 
bat sueh is the permeable, jointed nature of the strong magnesian sand* 
stone group, that a quantity of water (having evidently percolated from 
tiie stream bed above) issued from the lower portion of the cliff ever 
which the river falls when the stream is foil The andulating ground 
ahpve the diffe is occupied by the red days, mottled with green, and rod 
stained flags, of the sdt-pseudomorph group, from beneath which a lofty 
bedding-stype of the magnesian sandstone rises at angles of S0° end 40"* 
(See figv 14, PL XIII*) 
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huge emtic block. 


Coil locality. 


The olive group is apparently only locally developed and not thick in 
the neighborhood, yet a large syenitic block, or 
boulder, supposed to have come from it, which 
was observed in the stream bed above the fall, measured six feet four 
inches in length* 

Following the tributaries of this stream north-eastwards, the head of 
a ravine is reached, which leads into the Bunh&r 
valley near Kotal Kund. High, tertiary sandstone 
and conglomerate hills rise on either side, their beds dipping to the 
north-north-east at 50° and 60°, and just below these rocks is a band of 
nummulitic limestone overlying dark coaly shales, with a bed of good coaP- 
three feet six inches thick. U nderneath it some sandstone occurs, and then 
a band of bluish grey shale, which rests directly upon the red salt-crystal- 
cast zone. This is the Bhaganw&la coal locality, the “ mines ” being repre- 
sented by a few small excavations in the bank at the side of the stream. 


The ground is bad and the ravine steep and so narrow that a fallen 
mass from the limestone had almost blocked it up ; but the flood water 
had found a passage, through which the tape was carried, partly beside 
and partly beneath the block. The following is the section measured at 
this place, which is about two miles in a straight line north-east of 
Shlganwfla. (See fig. 15, PI. XIV.) 


flS. Gray paeudo-eongloineratio sandstone, dip 60°— 70° 



10. White nidlfftnrnvarlefitedlm^ 

9 . Stetyhaad ... 

8. Lempy lbwtonw, dip 40° (somewhat dipped P) 
K Yadov kmBMmm nammsUtte limestone .. 

a Bleak ttiale ... ••» ... ... 

S. Coal abele inoiodin# I last 6 teohea coal ... 
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* r 2. Bluish gray shale, red blotehee below ... ... «• ... SB 0 

5 ■! 1* Bed aad green nnegated olay-ehale, measured op to 410 feet, but partly nndn- 
g ( toting ... 800 0 

407 Q 

The coal of this locality will be found mentioned at page 8 of Dr. 
Oldham's memorandum already alluded to, being the first that he notice*. 
It is traceable for about two miles altogether, or less, and with the in- 
cluding beds forms an open curve bulging towards the north. The 
associated shales and the coal itself are pyritous, causing the coal to take 
fire spontaneously. 

In the section from Bh&ganw&la to near Kotal Kund (fig. 16, 

Nummulitic limestone PL XIV ) * the nummulitic limestone has already 
thickening. gained considerably in bulk and exhibits its two 

characteristics, of solid and lumpy-beds ; the latter having much the 
appearance of conglomerates in consequence of the nodular portions 
being surrounded by softer marly rock, which weathers more readily 
and is often crowded with small nummulites. There is here certainly 
no stratigraphic indication that any unconformity exists between the 
nummulitic and succeeding beds. Nor is there 

No unconformity. 

any sign of unconformity below the nummulitic 
group ; the gray and white sandstone with carbonaceous streaks occurs 
in other places with the same relations of paralellism to the overlying 
and underlying rocks, though the “ olive group'’ is entirely absent. 
The gray shale (No. 2 , at top of page) appears to form a part of the 
underlying beds of group No. 8. 

Group No. 8 (Nos. 1 and 2 in this measured section), has greatly 
Looai thioknew of nit increased in thickness, chiefly by the appearance 
jjwQAvmarpii brad. 0 j a quantity of shales and clays in its upper part* 

In this place, after making large deductions from the measurements, 

* i ! 

• X. — SaltfBjttl. S.— Purple Mudstone. 8.— Dsrk study brad (sUnrira)? 4— 

Mira Mudstone grasp. 8.— Ssft-erysbd sons. II.— NwaasUtie limestone rad oodL 
12.— TeitUiy sandstones, to. 
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on aooount of undulation, a thickness ia found which cannot fall far 
•hort of 600 feat. The other group* have their usual dimension! ; the 
me g n e e i an sandstone from 160 to 200 feet, the aflnrian shale* 
160 to 180 feet, and the purple sandstone from 400 to 600; its lower 
70 feet bring flaggy and shaly and passing downward* into purple 

sad. 

The tertiary sandstone*. Sec., dip at high angles, and must be very 
thick, the quantity, however, shown in Fig. 16 

fa to r sandstones, Ac. 

appearing greater in consequence of the section 
crossing the line of dip obliquely. The steep dips are confined to the 
northern dope of the ridge ; having gained the summits of which, the 
beds bend over and become horizontal, their outcrop and that of the 
nnmmulitic limestone terminating in a scarp only 150 or 200 feet deep* 
Where the ground falls rapidly, these rooks are cat into by numerous 
deep ravines. 

The main escarpment about Bhfiganw&la is a good deal broken, massive 
portions of the cliffs having fallen entirely or par- 
* §earfmmtm tially slipped from above. (See fig. 17, PL XIII.) 


Westward of Bhtgsnwila the ridge rapidly increases in width as 
it joins the Eastern Plateau of the range. The 

rtf BhJyiXiBL 1 " 

miki,, « escarpment still continues bold and marked to- 

ward* Jaffna; the purple sandstones and dark shaly Silurian none 
being everywhere capped by the magnesian sandstone which forms the 
cliff) along this feature. The ground above un- 
dulates greatly, much of it being covered trith 
the bright red wdt-pseudomorph group, end some higher bill* arc 
fo r — d of th* nnmmulitio limestone, here more thao a hnadred feet 
hi th i c k—, while to the northwards the highest port of this undnlat- 
tngcOugry expose* the lower tertiary sandstone*, foe., in the nrigh- 


( M* > 


bOnrhood of Anu To the east of that village^ 
Marly horizontal tertiary sandstorm Am a 
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J411l*UR TO JflAflA. 

broken range of kill* some five bundled IBM Mve the pMeee, just 

SiUdM wood. brfore ttes0 Wb toni <irio tt* vfcllqr 

of tbe Bunhir* * Fragment! of eilieified wood 
frequently ooonr here in the lower greenish beds of this series. 


The boundary lines of the various groups hr this 
decided almost entirely by erosion, run most irregularly, forming contours 
of the ground ; patohes of the newer beds are left outlying upon those 
below, and wide or narrow portions of the red flags and shales appear 
where the nummulitic and overlying beds have been removed. The 
Boundaries. boundaries are also sometimes affected by faults 

Olive group. bearing north-by-west. Over this region too, 
the olive or brownish sandstones and conglomerates (with crystalline 
pebbks) of the “ olive group ” are to be found, though not always 
exposed, the group being apparently veiy thin. To the south-west of 
Ara village, the white earthy sandstone at the base of the nummulirie 
series, aooompanied by purple and white variegated days in its upper 
part, has a thickness of 23 feet. The sandstone is very soft, its earthy 
ingredient whitening the fingers ; and the variegated shale or day above 
it possibly represents the h&matitic day so frequently seen near the base 
of the nummulitic series in other places. 


Jutfaa <Km4 


A deep narrow coomb or glen* is eat back from the escarpment east* 
ward of Jnt&na, and seems to ooinoide with an 
east-by-north fault, the rooks on the southern 
side having sunk considerably. The groups ffam the red marl upwards 
to that*, of tbe magnmiaa aandatona, and put of the group el (m, 
end bene alao, in en old mine^ ia tbe amt etbC 
to known erpcanw of mlt.rook in the nagb. e lad 
ef bad aalt with huge aywtmk at peza a|fc*«*>jg 

btdfcdinii. f 
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The depth of this cliff-enolosed ravine appears, from aneroid measure- 
ment, to be nearly 1,000 feet, made up of purple sandstone 450 feet, 
the dark shaly (silurian) band 200 feet, magnesian sandstone 250, 
and some 50 feet of the red, flag gy group No. 8, from which the red 
oxide of iron is washed down over the face of the hard cliffs, staining the 
light-colored underlying beds as deep a red as the overlying red zone 
itself. The remaining 50 feet may be allowed for the salt marl which 
appears nearly midway up the glen. 

This locality is interesting also as one of the two at which the 
silurian fossils, referred to Obolus or Siphonotreta , 
have been found. They were obtained on the 
southern side of the glen, where one or two cross-faults or slips seem to 
have let down the black shaly zone to the stream-level, not far from the 
salt-station and well within the glen. The fossiliferous beds are tough, 
dark, shales ; thin brecciated sandstone layers occur near the bottom of 
the group, often of a greenish color, and some soft and light-coloured 
elays axe used for washing by the natives. 


In the magnesian sandstone group a coarse pisolitic or concretionary 
structure was observed throughout some ten feet 
Magnesian group 0 f hard thin-bedded calcareous sandstone, and on 

some of the bedding surfaces slight traces were found resembling the 
tracks of annelids or mollusks, or sometimes having a fuooidal bunch- 
like grouping. Thin beds of coarse purple and white breccia also oocur 
in places in this group. 


Iter a mile and a half westward of JutAna the same sections are 
exposed by the escarpment and the ground above 

CD. Jutillfte 

it ; the nummulitic limestone in the letter position, 
having increased in thiekneM by 60 feet or more, projects southward 
from tbs main mass, accompanied by the underlying white sandstone^ 
KmnmoHtls « — here with a ferruginous, red, and variegated 
Wow k. clayey band, the former 16 feet and the latter 12 

feet thick. Over this the eqaly shales are represented by about eight 

( ) 
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feet of dull brown olive shales, so far as seen without coaly layers. The 
lumpy part of the nummulitic limestone above this contains nodules 
of pyrites, and the rock seems to be very incoherent, the ground being 
covered by its debris.* 

The metamorphic-pebble conglomerates, shales and sandstones of the 
“ olive group ” are apparently only locally present, but the underlying 
red zone with salt pseudomorphs is well seen : still largely composed of 
red shale at the top and more flaggy below. Here is its last appearance 
in force. From this country westwards it is much thinner, the upper 
clays mostly disappear, and it is evidently dying out. Some lumpy, 
breociated, shaly, pebble-bands, seen hereabouts, are of unusual occurrence 
in the group. 

Section V. — Eastern Plateau. 

Between Diljaba mountain and the country last described, the convex 

contour of the Eastern Plateau rises with the dip 

Outline to east. * 

of the tertiary sandstones, &c., at angles of £5,* 30° 
and 40* ; but except at Ara these beds do not extensively overlie the 
plateau. Some outlying patches, however, occur near Saida Leri and 
Umrdla (Oomrala of the maps). On that part of the border of the 
plateau facing the north in this neighbourhood, the angle of dip is 
steeper, up to 60° ; and from the higher hills the sandstones and clays 
can be seen forming a broad synclinal trough which opens to the east, 
one side resting on the flanks of Diljaba, and the other upon the 
edge of this plateau, and the red clay zone occupying the hollow 
along the foot of the hills. The surface of the plateau undulates * 

Nummulitic limestone. in plaCeS vei 7 oonsideraM y> undulations fro. 

quently coinciding with the stratification of the . 
gray nummulitic limestone^ which, stripped of the overlying bed% 
* 

• The dttectcd violent win, evidently recent, wee well seen on a steep UQrfds covered 
with t(hi» debrie — the loose etony covering having been, ee it were, ploughed by the nmnela 
end the contents of tiw dfautnek thrown off, forming ridgee on either side of the taro*. 
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is most deeply eroded along the southern side of the table-land. The 
limestone is frequently fossiliferoua, but its fossil -remains, as usual, are 
in bad preservation. Some beds, however, contain numbers of a small 
deeply marked oyster (Ostrea Flemingi 0 in a much better state ; large 
Echinoderms and Gastropods are also common. 

On the north-western Bide of the plateau the narrow ridge of 
Chfl rises 800 feet above it, having a summit 

Chfl. 

elevation of 8,701 feet, and a length of about four 
miles. The ridge is formed by a much displaced and broken anti- 
clinal of the magnesian sandstone group and would appear to have been 
faulted along both sides, slightly on the south-eastern, and to a much 
greater extent on the north-west side. (See section, fig. 18, PI. XV.) 


Along the south-eastern flank the nnmmulitic limestone rises gently, 
though forming ground difficult to cross in places. Close to the ridge 
a little valley intervenes, at the northern end of which, on the plateau 
side, are some bands of red, purple, and variegated, ferruginous sandstones 
passing downwards into coarse white sandstones, with red veins, and 
upwards into some black shales (doubtless the beds dext below the 
limestone, on the usual horizon of the coal shales) . They are of no great 


Tutiaij plant leaves. 


thickness, but remarkable for containing several 
well preserved lanceolate, dicotyledonous, leaves of 


small size. 


"Not far from the place where these were found, on the north-east 
Gnttdfr ihala. prolongation of the ridge, and down its northern 

slope, is a mass of greenish brown splintery and 
gravelly shale, having a peculiar appearance, weathering like soft 
trappean amygdaloid, containing white specks, metamorphie grains, 
pebbles, and even boulders of crystalline rooks. Layers of brown sandstone 
and conglomerate occur in and with this shaly mass, which appears to 
succeed the ChA hill beds without the intervention of the salt-crystal 
group. The bedding when seen conforms to that of the ntynmulitio 
Kmsstons and passes below the lowest beds of that group* 

( 144 ) 
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The hill of Chdl itself, at least at its northern end, seems to bo 
mainly composed of the magnesian sandstone 
•gnenan sandstone typical varieties of this rook, the bseccxated 

dolomitic and pisolitic or concretionary forms, oeeuriug there ; some of 

the beds are more sandy, some more oompaot and silioions, and here and 

there are red layers, with soft micaceous, dark and pale-gray sandstones 

having annelid burrows or fuooidal markings. In some spots too, dark 

micaceous sandy shales occur, a few beds together, of the entire aspect 

of the shaly silunan zone below. They are sometimes lumpy and flaggy, 

and on being narrowly examined were found at one plaoe, south-east 

of the summit, to contain small, indefinite, plant fragments (probably of. 

fucoids) and some small broken fish teeth (?), pointed like those of sharks.* 

As the axiB of the stratigraphic curve forming the hill bends downwasda 

towards both ends, these may be among the lowest beds exposed. On 

the north-western side the crushing and diriooa- 
Cr ashing ° 

turn is extreme, the beds next in contact with the 

magnesian sandstone, &c., just described, being flaggy gray sandstones, 

with some coarse red layers and semi-calcareous grits, over which 

conglomerates, and some of the conglomeratic shale, just now mentioned, 

at the point marked A in the section (fig. 18). Here another fhult 

occurs, and a mass of crushed nammulitio limestone is let in between 

conglomerate and red N&han beds, the junction of the latter with the 

limestone, being also a line of crushing and dislocation, enttjng thes e 

limstones out entirely within a short distance. 


Crashing 


The whole of the Choya-Gaqj-Ali-Sh&h valley below is ooetqriei 
*>y the Ndhan tertiary beds (sandstones, flu), 
which are much disturbed, particularly along 
transverse line of fault between this and the head of the Fhedjflt 
vaUpy. 


• These 
tiw'&Mwar 




hm aothssa pnrtamty fM 


hsttefl 
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Towards the south-west end of the Chdl ridge the plateau lime- 
■South'Wcst end of stone resto u P° n a tbin band, probably repre- 
cm senting the salt-crystal zone, beneath which are 

the conglomerates and shAle-oonglomerate of the olive group ; all dipping 
gently towards the plateau. These beds are brought up along the fault 
on the plateau side of Chfl ridge, in contact with the rocks of this hill. 
Grossing the low arch formed by these beds, to the opposite side of the 
ridge, another fault is met with which brings a vertical portion of the 
same red bands against the ends of the Chll beds, and beyond these a 
mass of the underlying shale-conglomerate with metamorphic pebbly 
appears. A third fault places these in contact with the dark plant 
shales (?), overlying red and white, variegated hssmatitie day, both of 
which are overlaid by the nummulitic limestone with a gentle dip 
towards the Potw&r plateau. 


The latter rock forms a large outlying mass, resting on the north- 
eastern flanks of the Kar&ngli hill, turned up and faulted at both sides, 
but passing gently under steeply scarped N6han sandstones, &c., towards 
the low ground. The limestone only occurs towards the northern end 

of KarAngli hill, being there cut off by a prolon- 
Karingh bill. # 

gation of the most extensive fault of the whole 
range. From, beneath it crop out gray, brown, and olive sandstones 
and flags, with bands of dark shale and conglomerate, in which nothing 
organic could be detected. Below these are other dark, shaly bands, in 
places flaggy, which contain a few small and fragmentary plant remains, 
and beneath all are strong conglomerates of metamorphio-pebbles, and 
shales, resting directly on the magnesian group, in a hollow at the 
south-west end of the Chfl ridge; the intermediate red zone No. 8 
having apparently died out. 

These magnesian sandstones, &c., rise (see section, fig. 19, FI. XV), 
to the escarpment and form the summit of 
Kardngli Hill,* (8,528 feet,) where they contain 


— » a. - - ■■ 

ttinugo mmp* 
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a few email scattered crystals of galena.* They Are hen ratter ftps* 
than £00 feet thick, and make a fine vertical cliff below the sharp 
top of the ridge. Beneath them oonfceS the dark ahaly OMm sone, 
nearly 200 feet, and then 450 feet of the purple sandstone, from 
under whioh some of the red gypseons marl crops out, in faulted 
contact with the tertiary sandstones, occupying the mouth of the 
Choya-Saidan-Shtfh valley. The strata forming Karangli hill belong td 
the western side of an open synclinal curve, the axis of which slopes at 
a considerable angle to the north-east. As the beds crop out from under 
each other, they also rise on the western slope of the hill, striking 
obliquely towards thq fault at its foot in such a manner that the section 
is most full towards the southern end of the ndge.f 


The mouth of the Choya-Saidan valley is filled with the lower part 
Structure of Choy* of the tertiary sandstone series, embracing on the 

vaUey (west). western side a broad anticlinal of the nummulitio 

limestone, along which the tertiary sandstones occupy the low ground as 
far as the village above named. These sandstones, &c., are cut off to the 
south-eastward by the continuation of the long line of fault striking 
from the direction of Diljaba up this valley. The magnesian group is less 
calcareous here than to the eastward, and from the prevalence of shaly 
and sandstone bands, in the absence of the salt-pseudomorph zone, is 
not easy to separate from the conglomeratic olive series No. 10. Tbs 
nummulitio limestone has been denuded, but apparently it originally 
attained a thic k ness exceeding 150 feet. 

From Karfngli to the south-westward, the strike of the looks on the 
Eastern Plateau side of the Choya valley coincides 
pretty much with the coarse of this depression, the 


KwfagH toeonth »weet. 


• At aolloed jby proton obeemn, thie galena it much valued at mrmm by the 
nlUro in the victory. 

f Mr. Theobald a en t k m a (fee. eft.) a dyke of Intrua l ve trap in tne fault under the weet 
tide of KarfcgU mountain. The toaality wee —arched, hot no rock of the Wad *m fonnd. * 
Doabtle— tome of the aame volcanic rook ai ocean in Khewra gorge estate in nrmnonttoi 
with the eaK mart, both here and at Gaaathtia (or OoddMa) ravine. Ifa occurrence as 
4yto weald be interesting; it certainly hae net that appearance at all «t Kbewaa. 
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Chqya-Saidan-Shfh. 


hilly ground rising immediately from the fruit exhibiting the aeries above 
the purple sandstone in a dislocated state. In the sides of one of the hills 
here f north-east from the village of Choya-Saidan 
Shfli, the " olive group ” with its shales and con- 
glomerates appears to be much thicker than usual (perhaps 160 feet), and 
the hill is capped by nummulitic limestone, within a synclinal fold of 
which, close by the village, is a narrow basin of the tertiary sandstones* 
At the eastern side of the hill upon which the upper Dilur bungalow 
stands, the shaly conglomerate of the olive group, with its metamorphic 
pebbles, is seen, and a narrow, red, flaggy band representing the salt 
mystal-cast zone, partly occupies the southern face of the hill above, soft- 
overlies the magnesian group ; the last is here chiefly composed of sand- 
stones, and forms the floor of a long valley extending from WaMli to Pid. 
In the low, scarped sides of this valley the groups Nos. 8 and 10, and 
the dark shales immediately beneath the nummulitic limestone, may be 
traced ; the hematitic clay band at the base of the dark shales also 
appears occasionally. 

South-west of Choya, the ground between the Eastern and Kahfin 
South-west of Choya- Plateaus is very much broken, its most marked 
SaSdan-Sh^h feature being a steep ridge, in continuation with 

the Diltir bungalow hill, one side of which slopes steadily at an angle 
of 86° into the Gamth&la glen. 

On the northern side of this glen the cliffs expose all the series from 
the purple sandstone up to the nummulitio lime-* 
stone ; on a narrow neck of which, fruited so that 
the beds dip in opposite directions, is built the village of Choya-Saidan 
Skfih, Further down the ravine the red marl crops out from beneath 
the purple sandstone, so that in this locality all the groups of the eastern 
series are visible. On the southern side of the glen are tertiary sand- 
stones, faulted against the u purple sandstone " and “ red marl," as if to 
dip beneath them ; these tertiary beds rest upon a bare anrfkee of notn- 
mulitic limestone deeply furrowed by numerous parallel rain-channels run- 
ning directly down its dip. The limestone forms a ridge, thesearped rids 

( 1*8 ) 
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of whioh overlooks the Fid end of the long vSley previously mentioned 
u bounding the Eastern Plateau. Above the opposite side el that nflnj~j 
the termination of the plateau nndulates much, following the bedding, of 
the nummulitic limestone, but the deeper exoarations pass t hroag b the 
latter and expose the “ olive group," the “ red salttorysfal" zone, and the 
magnesian sandstone group below. 

The southern side of this Eastern Plateau is remarkable for the 
Southern ride of quantity of salt-marl exposed, and the suddenness 
Ewtem Plateau. with which it makes its appearance in force west 

of Jutdna. (See section, fig. 20, Plate XVI.) 


Doctor Warth is of opinion that sudden increase of the salt- marl is 

... , , . due rather to undulation of the strata than to any 

Jutana neighbourhood. ... . . 

Sudden development of dislocation. During the examination of the ground, 

some disturbance was observed in the glen north- 
west of Jut&na, just where the red marl commences to show itself strongly : 
but this was more like the results of slipping than of violent faulting, 
and no great fault could be traced, intersecting the plateau north- 
wards; where such a fault would in all probability have existed if 
dislocation were tbe structural cause of the development of this red 
marl in the Jutina ‘ beat/* A oertain amount of disturbance has never- 
theless occurred, and where landslips are less numerous, such appear- 
ances as the small outlying hill of the magnesian group, upon which 
a chowld (No. 4) stands, west of Jutftna village, and the abrupt wag 
in which different groups abut against each other in the glen further 
north, would be taken as sufficient evidence of fracture, although 
here they axe referable rather to the mere presence of the atari 


and the tendency of this rook to produce landslips than to faulting. 
In this and the nent (tbe Ktisak “ beat") the largest exposures of the sauri 
Luge die tad hrfgUt ** the whole range occur. This salt-maxi rises at' 
Of men exposes* theOhambal (west) hills between the two*'!**" 


a — — — — 

* The eoattatt ride of the Sett Beef* Is SMMisto 
by tbs Sett Deportment 
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UO mnnn : geology of the salt bahge ih the fuhxXb. „ 

to an elevation of nearly 1,500 feet, and is singularly placed, an 
enormous slip or fault having allowed the mass of a whole group of 
hills, formed of the overlying strata, to subside so muoh below the level 
of the marl, on the crest of the ridge, that, either from subsequent 
ai .llp. lxi atmospheric degradation, or from original displace- 

ment, the marl for a short distance absolutely 
overlies the magnesian group. 



Ft*. SL Abnormal podtfon of afrit ttarl frt Ghfembal hill (wait). 

L— fialtmarL A— SUorUn and magneaian group*. 

It seems most likely that the salt-marl was left standing as a cliff 
when the subsidence took place, and afterwards under atmospheric de- 
gradation and superincumbent pressure, the cliff being destroyed, its ma- 
terial first formed a talus, and finally the heap now overlying the newer 
beds. 

la the luge exposure of the marl on (he east slopes of these (western) 
TnUhiTi.i t— 1 -— Chambal hills, mines are not' now worked, and 
hot little ia known about those whioh formerly 
wristwL Old mining works, however, occur in several plaoes, and Dr, 
Jameson in his piper* statu that, at about two miles distance from 
loUss, three minee wera open in 1843. The inclined "shafts" whioh 
.waned length from 140 to 180 yards, passed through severs! small salt 

. I> >' I" " " ■ ’I - — 
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beds from three to six feet in thicknesB before reaching the large dgpoait, 
then being mined, and which had a thickness of One hundred and seventy 
to two hundred feet. The salt was, as usual, accompanied by gypsum, 
and the mines were situated about forty-five feet above the bed of a 
small stream. 


Judging from the distance between these mines and Jutfaa it does 
not seem likely that Dr. Jameson referred to the bad salt in the ravine 
eastward of the village, but rather to some of the old workings to the 
westward ; at one of these localities there is a twenty-foot layer of bad 
salt, but the others, forming a group of three or four, and lying to the 
westward still, are probably those visited by Dr. Jameson. From the 
height at which these mining localities are situated, if they contain the 
great mass of salt recorded by this writer (very nearly the same thick- 
ness as the Khewra beds), it may prove advantageous to re-open them. 

The marl of this beat often shows considerable masses of greenish 
Salt marl g ra y colour, generally broken up and confused, but 

probably the remains of such gray dolomitic and 
gypseous layers as are found in other places to the west. In the more 
gypseous parts, horizontally undulating stratification may be occasionally 
seen. 


CM seetkuw. 


The sections exposed by the cliffs above this marl are very much the 
same as those nearer to Jutina,* but owing to 
slipping are sometimes much confused ; the next 
rock to the marl, for instance, on the road to Salowi from Jutftna, being 
the salt-crystal band, here abounding with the sandy psendoxnorpha, and 


• Then b a large apace of ground n ear Che mined mining village of , 
the masks of having been cultivated. On the removal of the miners to Khewra their ft* ids 
may have been abandoned j but according to the statement of a native of the pso e e ui vflbg«^ 
this land was irrigated by mem of the mane easterly of two streams naming irl ott together 
from She north. This, he said, had suddenly become salt* and thus the eolUtate had to be 
discontinued! It seems probable that the s t re am may have worn a passage down to 
aalt bed in the mart. Them see immhtrisf ndasi villages afl aloqg the feat of the 
about which nothing b kaswft ; they are afl presasnwri ta have belonged to mfamn ti i 
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overlaid by some dark dude and whitish sa nds tones of die "dive group/' 
with carbonaoeooB markings. At other plaoee, the succession is natural, 
bat both of the last-mentioned groups are oompantively thin. 


On this road, overlooking a little valley much filled with calcareous 
_ , . tufa, and on the aeoent up to Salowi, the sand- 

stones of the “ olive group" not far below the 
nommhiitio limestone, were observed to be etadded with scattered 
projecting knobs, which if concretionary bed* organic aspect, and 
much resemblance both to one another and do the opened valves of a 
TngomaJ* Above these sandstones, variegated, reddish, and conglomeratic 
sandstones intervened below the limestone. In this neighbourhood the 
plateau-limestone has been cat down into tong valleys, exposing the 
underlying beds, and the junction of the limestone and the latter at one 
place is as follows 


Part of the nmnjnqlitic limutonfi 
White marly Hmcstone ... 
Black ehale ... 

White mudstone and black shale 


Feet. 
80 to 60 
100 

6 

SO 


The lower part of these rooks belongs apparently to the "olive group" 
and the representative of the coaly shales has dwindled away to the few 
feet mention e d; the strong and very white sandstone seen above Bfghan- 
wfla having disappeared. Indeed, the rocks forming the lower part of 
this ex p o s ur e are*eo obliquely bedded, that one band of fully 

fifteen feet Suck, thins out entirely within a hundred yards along thy 
cliff £aoe; where the stratification is so irregular, it is not surprising +hft 
much difference should be found in different sections. 

Southward of this place, an extremely dislocated gronp of hills rests 
f| 1| upon the outer edge of the rod marl, *a oouple of 

•fin to ike north of Sadowfl*^ These trills am 
aviiautiy forbad of portions of the series slipped &om their phoee, and 
diaconnrete^ auun^ by the fonlt along which iha red mad #b* a fo& 

* * * "—* »<'' " * * I ■ 
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yards overlies the magnesian groups (fig- % 1), as already mentioned 
(p. 150). Although greatly broken and displaced, the whole series may- 
be traced in these hills, from the red marl up to 
Series exposed. „ 

the nummulitic limestone, & small pateh of 

which is present. 

On the western side of this outlying portion of the series, jl moun-» 

„ tain stream coinciding nearly with tta faulted 

Suoession. ^ 

junction of the red marl and overlying groups 
gives the following succession (see section, fig. 22, Pi. XVI) 


Fuult, 

1. Rod salt marl, abnormally placed. 

4. Magnesian sandstone. 

3. Black shHly band, Silurian. 

2. Purple sandstone. 

Fault. 

Nummulitic limestone, not seen here, but present at a short distance to the east. 




Feet. 

10. 

Olive group, sandstones and conglomerate, fossils in lower beds.. 

220 

8. 

Red clays, shales, and flags of the solt-pseudomorpb zone 

100 to 160 

4. 

Magnesian sandstone, compact and calcareous 

160 to 200 

3. 

Shaly siiurian band 

100 

2 . 

Purple sandstone, shaly below ... 

500 

1. 

Red salt marl 

Boulder zone at foot of hills. 

1,600? 


The red marl on the right-hand bank of this stream again overlies 
newer rocks ; here a portion of the flaggy salt-erystal zone, with much 
crushing and apparent faulting. The purple sandstones on the other 
bank of the stream become light-coloured at top, and the overlying 
siiurian shaly band contains interbedded purplish sandstone and greenish 
shaly layers. The magnesian sandstone beds are sometimes very 
compact and of a gray color marked with red, and some of them expose 
on Weathered surfaces the strange lenticular sections observed on Mount 


Peculiar markups on 
surface of .magnesian 
sandstone. * 


Tilla, the markings in the present case lying at 
different angles in the matrix, crowded together * 
and having sometimes a length of three inches by 


a quarter of an inch broad : some of the bfeds are brecciated. 


u 
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At the base of the “ salt-crystal zone" is a coarse gravelly sandstone 
band, and further up many of the harder bands have a purplish gray 
colour. The salt-pseudomorphs occur here again, with ripple marks 
and casts of desiccation-cracks on the flags, and there is a considerable 
development of the red clays or shales belonging to this zone, some of 
which are variegated with green spots. The largest part of the shales 
here occur (unlike those to the east) in the lowest half of the group. 
The “ olive group" above contains boulder conglomerates, some of the 
boulders in which measure two and three feet in their longest diameter, 
and in a bed of soft, weathered green sandstone are the casts of large 
bivalve shells, before alluded to as of cretaceous appearance. 


_ The following section of the "olive group" 

Olive group. ° & r 

in these hills is from Dr. Waagen's notes : — 


-17. 

16 . 

15. 


14. 

13. 



9. 

8. 

7. 

. 6 . 



S. 

1 . 


Fault. 


Gray and yellow thin-bedded sandstone, with irregular papery layers 
of coal ... ... ... ... ... ... 

Light yellow nodular sandstone, with indistinct coaly plant-remains ... 
Yellow ami gray spotted, thin-bedded sandstone, with a few traces of 
coal 

Whitish yellow sandstone, with coaly plant-remains 
Strong coaly, sandy layen, with lenticular small masses of coal 
Yellow and gray spotted, thin bedded sandstone 
Black sandy bed, with much coal 

Hard yellow sandstone, with brown ferruginous veins ... 

Gray shale, with coal 

Irregular bed of impure resinous coal, average 
Yellow brittle sandstone^ ferruginous veins ... ... 

Thick white sandstone, with yellow stripes ... 

Thick greenish soft sa nd s tone , few traces of coal ... ... 

Dark greenish gray sandy shale and thin-bedded sandstone ... 

Thick grayish green sandstones, with irregular beds of gravelly 
conglomerate, and, in the lower part, the bivalves of the olive group 
Conglomerate, blocks of crystalline rocks ... 

Dark purple shale, with thin bands of greenish sandstone ... 

Red thin-bedded sandstones and flags with salt-pseudomorphs 
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6 0 

2 0 

12 0 

6 0 

5 0 

7 0 

0 8 

10 0 

6 0 

1 3 

4 6 

20 0 

4 0 

Feet. 
80 to 40 

16 to 20 

8 to 80 
60 

100 
160 f 
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From the prevalence of coaly beds in the upper part of this section, 
which is unusual in the group, it may be doubted whether the upper 
portion with a separate bracket is not 4 local representative of the ooaly 
shales beneath the nummulitic limestones. 

In the Kilsak "beat," westwards of the Jut&na one, the salt-marl is 
even more largely exposed than in the latter, 
Kuaak '*"»*•* and two outlying portions of the overlying rocks 
form hill-groups surrounded by it. In the upper 
part of this marl, at the western side of the " beat," there are strong 
purple bands, and also a sort of gypseous pseudo-breccia. Salt is seen 
in several places, even near the mouth of the 

DBltf 

western of the two streams which drain the 
" beat and there are several old mines within its valley. In one of 
these. Dr. Warth found a seam of salt (with some marly bands) one 
hundred and fifty feet in thickness, dipping at a high angle to the 
west-north-west.* 


Other old mines occur also in the eastern portion of this " beat," 
mostly inaccessible, and the natural exposures of the salt by streams, 
&c., show little that is instructive, any stratification marked by the 
gypsum being contorted. 


Series at Chak Bhaffi. 


The two isolated hill-groups referred to show the series as high as 
the magnesian sandstone, the rocks being much 
disturbed. At the east side of the largest of 
these exposures on the road from Chak Shaffi to Kiisak, the following 
were noted 


FceU 

4. Semi-oaleareoos sandstones, light in colour, belonging to the magnesian 

group ... ... ... ••• ••• ••• 120* 

9. Black shaly band (siluriaa) ... ... ... ... 12 

2. Purple sandstone, part of the upper fifteen or twenty feet pale, nearly 
* ^ghite, and overlaid by a coarse white conglomeratic layer, base not 

seen, measured ... ... ... ... ... 172 


• Dr. Wurth's Report, 1872, page 184. 
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The cliff-sections above the marl, where not disturbed by slipping, 
show the same series, the hard sandy dolomitic 
CK* 8 - beds forming the cliff edge, overlaid by the “ salt- 

pseudomorph zone," and this again by the con- 
glomerates and sandstones of the “ olive group," the whole covered 
over by the nummulitic plateau-limestone. Where this spreads over 
the higher portions of the ground, under the action iff the atmosphere 
and rain, its fretted, gnarled and jagged surface forms narrow tortuous 
channels, in which one can walk more than waist deep, and which are 
most difficult to cross when covered by scrub jungle. 


At the head of the western Kusak glen, not far from the village of 
B&tli, the cliffs exhibit the series as follows — the 
thickness being estimated, as the ground was too 
steep to be measured : — 


Near Bttli. 


11. Nummulitic limestone, with some white beds below 
10. ** Olive group ” sandstone and conglomerates, varying up to 
a Bed Bags ** salt-paeudomorph -group ” ... 

4. Light-colored sandstone and dolomitic beds 
8. Black ahaly zone. Silurian 
2. Red and purple sandstone 


Feet. 
250 
200 
150 
150 

... 100 
800 to 600 


The 4t olive group " seems here to be very thick in some localities, 
and veiy thin in others. It oonsists of dark gray and olive sandstones, 
olive-black shales and some beds of red shale, doubtfully referred to this 
.group on account of slipping, these probably forming the top of the 
group below. Conglomerates of metamorphic pebbles occur as usual. 
Some red sandstone and shaly bands also appear just beneath the 
nummulitic limestone, but they are of subordinate character, and the 
coal shales, if present, are generally concealed by the talus at the foot of 
the limestone scarp. 

The old fort of Krfsak, a stronghold of the Sikhs, is perched upon 
the lofty and precipitous southern end of a spur 
from the plateau (see fig. 28, PI. XVII)- The 
neighbourhood is much disturbed by slips or email faults, andthepre- 
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cipices arc inaccessible, but the section seems to be generally the same 
as eles where, though the group. No. 3, looks thicker, and seems to 
contain some harder beds than usual. 

The red marl is seen far below the fort, the purple sandstone follows 
next above ; and the dark shaly zone (No. 8) is capped by the magnesian 
sandstone, on which rests a small patch of the red flaggy pseudomorph- 
zone. 

Between the fort and the plateau the rocks are much broken, and 
the ground is covered by heaps of disintegrating rock. The " olive 
group ” and “ salt-crystal zone ” skirt the base of the “ nummulitic lime- 
stone ” cliffs, and a fault seems to extend from the eastern side of Ktisak 
peak, up the shallow valley in the plateau-limestone, through which the 
road from the fort passes northwards. 

On the spur which separates the Kfisak from the Khewra “ beat ” to 
the west, and along the neighbouring part of the 

Spur to wes . plateau, the ground is much broken and very hilly, 

the same series as before being traceable in the cliffs and higher emi- 
nences as well as the upper portion of the underlying beds, exposed by 
denudation, beneath the limestone of the plateau. 

In this direction, too, where a high peak of limestone rises to the 
north-north-east of the Mayo mines, there is a 

Coal ahalea. 

small exposure of the coal-shales dipping to the 
north-west at $4°, just beneath the nummulitic limestone. Coal was 
said to oocur here, but it was not visible. In the vicinity of the road from 
Khewra to Ktisak, the rocks are greatly dislocated, as well as to 
the southward; several fragmentary outliers of the nummulitic lime- 
stone, patches of the red flaggy zone, the lateritic variegated clay, 
and even a small portion of the coaly shales just now alluded to, 
occurring^ detached, and probably none of them actually in aiiu. 
Further out towards the plains, the least disturbed ground is occupied by 
the massive beds of the magnesian group undulating in many directions, 
but the hill-slopes are greatly govered by debris. Both the silurian 

( W ) 
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Outer.hills. 


shales and the purple sandstones appear to have lost much of their 
thickness in their last exposures towards the plains. 

The Khewra valley is much smaller than either of the last men- 
tioned “ beats," and the main scarp of the plateau, approaching nearer 
to the plains, the glen appears deeper (see frontispiece). Having 
passed a narrow defile between outlying hills, 
overspread by the purple sandstone or the dark 
shaly silurian zone, and capped by the dolomitic sandstone or its detritus, 
the valley opens somewhat, but is still hemmed in on all sides by high 
ground ; that to the westward only being entirely composed of the red 
marl. The strata appear from their present disposition to have had 
originally a dome-shaped arrangement, dislocated along the inner side of 
the outer hills, or else a general landslip of the overlying beds in that 
direction may have taken place ; narrow glens along the strike among 
these outer hills show on one side the overlying rocks, and on the other 
red marl and gypsum only. The marl is quite of the same kind as 
already described, having a decided similarity of 
aspect throughout, but its arrangement, so far as 
it is connected with the rock-salt beds, is better known through the 
exertions of Dr. Warth, whose report, mining plans and sections show 
that there is a regular sequence in the upper part of the group, though 
one which may not be minutely recognisable in other localities. 

The mines have been so often described and with so much detail* that 
it will be unnecessary to do more than state that 
they are the largest and most important of the 
whole range, and probably the most extensive salt mines in the world. 
Old chambers occur in them of 80, 120, 240, and 820 feet in width, 
and 40, 60, and up to 180 feet in height, besides natural shafts formed 
by rain water, one of which is 212 feet deep. 

These old workings have long been in a most dangerous condition. 
That they ever grew so large, was owing to the ignorance of system 


MuL 


Mayo Mines. 


* Authorities cited, ante. 
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exhibited by the old workers, and the result has been constant danger 
and tremendous falls — a large one having taken place so late as 1870, in 
consequence of a huge supporting pillar having been undermined, and 
left standing over a lower chamber, upon a comparatively thin shell, 
which it eventually broke through. When the mines were visited in 
1869-70, the position of some of the miners was anything but enviable ; 
perched upon a lofty tripod of slender sticks, picking at the roof of one 
of these high chambers, a roof probably full of fissures and utterly un- 
supported for many yards ; while in other places, considered still more 
dangerous, huge masses of salt-rock between the fissures impended like 
the displaced key-6tones of enormous arches.* The heavily-laden women 
and children struggling up the well-made incline of “ Purdon’s tunnel ” 
had evidently, bad as it was, the better place. 

The beauty of the interior of these mines has often been noticed ; their 
extent appears more impressive than their smoke-begrimed sides and 
roof, but the effect, when they are lighted, is very fine; lines of small 
lamps at different levels and inclinations marking those places in the vast 
chambers where footing can be had, while some hay set on fire here and 
there, for a few moments, lights up portions strongly, others vanishing 
in distance or in smoke. 

The mines have been excavated, some in the same and some in differ- 
ent beds of salt, all of which lie in the upper 

Position of the mines. rr 

portion of the marl, though most of the worked 
bands occur at a considerable depth from the surface. The following is 
their arrangement according to Dr. Warth, from the purple sandstone 


downwards {see section fig. 24, Plate XVII). 

Feet. 

14. White gypsum, avenge ... ... ... ... S 

18. Brick -red marl or gypsum (». gypseous marl) ... ... 180 

12. Brown gypsum (? pnrple gypseous marl) ... ... ... 140 

11. Lower layer of white gypsum ... ... ... ... 200 

(Belt marl and salt ... ... ... ... 660 to 800 


• 1 was told that the workmen pre fe rred these localities to places where (he aslt waa 
more solid, because a single blast in snob a situation deta ch ed move of the mineral. 
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The latter is grouped as follows 




Marl and Gypsum. 

Salt . 




Feet. 

10. 

Salt bed (Behan's seam) 

... 

25 

9. 

Salt marl 

10 

... 

8. 

Salt bed (Big Buggy seam) 

... 

100 

7. 

Salt marl 

25 


6 . 

Salt bed (Soojeewal seam) 

... ... 

60 

6 . 

Salt marl 

100 


4. 

Salt bed (Phurw&lla seam) 

... .. 

50 

3. 

Salt marl 

140 


2. 

Salt bed (Billiwala seam ?) 

... 

50* 

1. 

Salt marl 

? 




Total ... 275 

275 



— 




The colour of the salt is red and white ; red earthy, or merely coloured, 
layers being very numerous in some of the beds, generally from ten 
inches to a foot apart, and about one inch thick. As a rule, these layers 
of deposition are parallel. The salt beds and alternating marls appear 
to be nearly flat in the southern part of the glen, and towards that side * 
of the salt mines’ hill; but within this hill they curve rapidly downwards, 
dipping at 60° and 70° towards the west of north, an undulation of the 
strata bringing them again at a lower angle beneath the cliffs at the 
head of the glen (see section flg. 24, PI. XVII). The main mass of 
the gypsum overlies the salt, and is succeeded by the purple sandstone 
and other groups in their proper order. 

These can only, however, be considered the general relations of the 

Belations of the aeries. salUb€arin & P art of the marl; and it is probable 
that there are still other salt beds on different 
horizons, one of these occurring in a side ravine, on the left of the 
Khewra glen at the junction of the gypseous portion of the marl with 
the purple sandstone. 

* Dr. Wuth has soma doubt about this last seam ( No. 2 ).. TheeeetUmls known down 
to the bed No. 8, and the tact is assumed as probably another bed. 

( 1«0 ) 
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Leaving the mines and proceeding along the tipper gorge, the top 
of the marl, which is all more or less gypseous, has in places a doll 
purple colour (probably representing that portion of the group described 
as "brown gypsum” by Dr. Warth). -Flaggy bands of dolomite and 
massive layers of gypsum also oocur in the marl, the uppermost being a 
white band of the last mineral, immediately beneath the " purple sand- 
stone group." 

Associated with this gypsum is the volcanic rock of Khewra, and 

„ , . . near it are some grey gypseous and carbonaceous 

Volcanic rock. e J 

shales, as already mentioned (page 75). This upper 

portion of the salt-marl seems to be highly saline, for the stream which 

comes from the plateau above as soon as it enters the deposit becomes 

so charged with salts that the pebbles in its bed are all frosted over 

with a thick incrustation, growing for some i aches upwards in fantastic 

pedunculated and other dendritic forms. 


Ascending this stream, its narrow ravine exposes a good section 

. in the purple sandstone, marly or shaly as usual 

Overlying rocks. 

below, and its upper beds forming the lower part 
of the cliffs between the glen and the plateau. Its thickness hereabouts 
is estimated at from 450 to 600 feet. The dark shaly zone above it is 
also well marked all along the cliffs. In the main ravine, where the 
track upwards leaves the stream bed, is the locality at which the Silurian 
fossils, Obolun or Sipkonotreta, where first discovered. 

Silurian fossils. 

These little shells occur in numbers in dark sandy 
micaceous shale, but some layers contain them in greater quantity than 
others. No fossils besides these could be found in their neighbourhood, 
except obscure fucoids or Annelide markings on flaggy layers ; some of 
these layers are calcareous and glauconitic. 


The dark band which contains these fossils is here fully 160 feet 
or more iff thickness. It is immediately succeeded by the magnesian 
sandstone band, as usual prominent in the cliffs and exhibiting well the 
northerly inclination of the beds, at angles of 35° and 40°. The group 
w ( 161 ) 
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chiefly consists of fine grey, gritty, light-coloured sandstones, and the 
more compact dolomitic rock is not so prevalent as it is upon the outlying 
hills to the southward. The group is about 250 feet in thickness. Over 
it comes the red salt-crystal zone, in places as thin as SO feet, but still 
so strongly ochreous that the rain washes the iron oxide out and stains 
the rocks below. 

The olive conglomeratic shale with metamorphic pebbles belonging 
to the “ olive group ” overlies this red zone, and in the same group 
are included many massive soft sandstones, the whole exceeding 150 
feet in thickness. These beds and the red group lie chiefly behind 
or on the plateau side of the general escarpment. Near the head of the 
ravine a narrow vertical mass of nummulitic limestone is brought in by 
a north-east south-west fault, together with some soft black and grey 
gypseous shales having an apparent thickness of about fifty feet. 
These overlie the “ olive group,” conglomerates, &c., and come just beneath 
the limestone. Further northwards, undulating, inclined, and disturbed 
masses of the nummulitic limestone rest upon this olive group and the 

^ intervening shales (which, again, contain layers of 

coal in their outcrop), extending from this valley 
to the neighbourhood of Pid. At a distance of about half a mile south- 
wards from the latter village, some mining operations have been carried 
out upon the coal, beneath a displaced mass of the limestone. 

The coal-shales here dip with the limestone at 40° to the northward, 
and rest upon soft friable whitish sandstone — some of the basal beds of 
the nummulitic series. The section measured as follows 


7. Nummulitic limestone, part ... 

6. Rotten, white, and grey shale 
5. Coel 

4. Dark -coloured shale ... ... 

5. Goal ... ... ... ... 

2. Black shale 

1. White earthy sands t one, fall of plsat-fragmenti. 

( m ) 


Ft. In. 
100 0 


... 10 

8 ft. to 8 
0 

Mt 1 


0 

e 

n 
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In these dark carbonaceous shales there is much pyrites, and a white 
aluminous efflorescence occurs, enclosing plant-stems and pieces of brown 
lignite. In another place close by, the thickness, from the shale No. 6 
to the coal No. 8, was ten feet, and the upper coal was three feet six 
inches, the lower being one foot nine inches thick ; the black shales . 
below were only six feet, and an underlying whitish clay bed ten feet, 
so that the coal and associated beds appear to have been very irregularly 
deposited. The shales contain nodules of hard clay enclosed in gypsum, 
and the lowest rock of the series exposed is a thick mass of rapidly 
weathering, variegated, white, green, and red clays answering probably 
to the hsBmatitic beds of other placeB. 

Sections of the rocks are frequently exposed on the turnpike road 
leading from Pind-D6dun-Khdn and Khewra north- 

Pid road. Ascent, 

wards via Choya-Saidan-Sh6h. The first ascent 
exposes much-broken beds of the purple sandstone, overlying the red 
and purple marl, and overlaid by the flaggy and shaly silurian fossil 
zone, its lamina being often marked by black glossy Bnrfaces. Above 
these are grey sandstones, and a fifty-feet band of fine hard oolitic rook, 
belonging to the magnesian sandstone group. Higher up, the beds are 
dark aud shaly, with thin layers of pale green-banded sandstone, glauco- 
nitic, and bearing obscure Annelide markings, and above all are fine- 
grained strong white sandstones which might make good building stone* 
but are much shaken. 

To the northward, the salt-marl is brought into contact with the beds 
just described by the slip or fault which has been noticed as running 
along the back of these outer hills. The marl, which contains hard flaggy 
compact layers of an apparently calcareous or dolomitic rock, is here 
intersected by a deep road-cutting exposing quantities of gypsum and t&d 
usual want of structure. Further up the ascent, the road leaves the marl, ' 
and the purple sandstone is again seen in its proper position, followed by 
the two succeeding groups. Still higher up the slope, slipping of the beds 
has taken place, and the red salt-crystal zone is seen to contain a mass of 
hard, sandy, metamorphic-pebbls conglomerate* of exceedingly confused 

( 108 ) 
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aspect, including portions of its flaggy layers, looking as if detached by 
river action. The thiekness of this red zone is about 40 or 50 feet, but the 
“ olive group ” above it is still very largely developed, and includes some 
reddish sandstone bands in its lower conglomeratic portion. Layers of 
this metamorphic-pebble conglomerate, 19 feet in thickness, occur, and 
the whole group may be over 200 feet thick. The beds become flatter as 
the plateau is reached, the road passing hereabouts chiefly through this 
olive group and slipped masses of the nummulitic limestone. The glen to 
the westward below the road is so full of fallen and displaced masses 
of the series that it is difficult to say which rocks are in situ . 

Section VI. — Dand6t Plateau and Spur. 

The undulating table land of Danddt formB a sort of continuation 
_ of the Eastern Plateau, but at a lower level, and is 

covered as usual by the nummulitic limestone, 
detached portions of which cap the spur extending from the plateau to 
the west and south of the glen of Makrdch. The village of Danddt 
^ ^ is perched upon the edge of lofty cliffs which over- 

look the plains and expose a fine section of the 
rocks (fig. 25, PI. XVtll) ; the arrangement, however, presented by this 
differs much from others in the neighbourhood, and in one respect, from 
all others of the range,— namely, in the occurrence of a dark zone of sandy 
and shaly beds apparently near the base of the 

Peculiar shaly band. 

purple sandstone. This zone so exactly resembles 
the silurian one above those rocks, as to afford reason for the supposition 
that it has been fruited into its present position, although the dip of the 
whole cliff-section seems regular, and would indicate a sequence from top 
to bottom. 

Either such faulting would seem to have occurred, or else there is an 
unusual development of the shaly group No. 8, accompanied by a great 
diminution of the purple group No. 2, and a sudden appearance of 
another large group of red sandstones, overlying the silurian zone, and 
interposed between this and the magnesian sandstone. 

( ) 



VQpnm*-. 4W* R*njw, 


ocolo«4oai simvev f > . tweu 


Memoir# . VWITCXV. PI. 3CVHS 





165 


DAND&T PLATEAU Alf SPUL. 

The gypseous marl at the base of the cliflfe is greatly eroded, harder 
masses projectiug from one to two hundred feet ; 
deep gullies are also cut in it, and some of these are 
naturally bridged over in places by the marl. This is succeeded by thick 
purple and greenish variegated clays or shales, passing upwards into 
purple sandstones. Then comes the dark olive and blackish shaly zone 
above mentioned, passing downwards into thin light-coloured sandstones, 
and containing some markings like those of Annelides. Black and 
greenish films separate many of the beds, and the shaly part contains a 
thirty-feet red band ; the shales are generally mioaceous. Owing to the 
supposed fault or slips, these beds appear to be succeeded by a thick mass 
of reddish purple sandstone exactly similar to No. 2, becoming flaggy 
towards the top, and, from its great thickness, this is supposed to be 
nearly doubled by other slips or faulting. More red sandstones overlie 
this, shaly underneath, and in this shaly portion is a bed or vein of 
reddish and white gypsum, 30 feet thick, and in character quite resem- 
bling that of the red marls below. Grey, silicious, and calcareous coaroe 
grits succeed, very dark in colour and alternating with dark shales below; 
the silicious and calcareous beds may represent the magnesian sandstone 
No. 4, and the lower portion would occupy the place of the silurian zone 
No. 3. Then follows the red, flaggy, salt-pseudomorph zone No. 8, 
including layers of grey shale and thin grey sandstone, in the lower 
part. Over this is a considerable thickness of dark shales, with a twelve- 
feet band of metamorphic-pebble conglomerate evidently that of the 
olive group. No. 10, and above these are reddish and white sandstones, 
projecting from below the shaly talus, at the foot of the Wychler cliff, 
the vertical portion of which, at the fine springs below the scarp, 
measured 179 feet. 


Sbotxob bblow DavdSt village abb o um. 


Groups. 


»«. n.-* [ 


Nnmmulitic limestone 
Coal-shales, traces to westward 


Ft. 

too 


... ... ... 

room for 160 feet of beds 

( 105 
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Groups. 


No. 10.- 


No. 8.— 
No. 4. — 
No. 8.— 

i 

No. 2.— 




Ft. 

"Red shales ... ... 

... 

... 

Light-coloured sandstones ... ... 

... 

...20' 

Shales ... ... 


... 20' 

• Whitish sandstones ... 

... 

... 14' 

Bed clay or shale 


... 86' 

Greenish shales ... 

••• 

... 28' 

LMetamorphic-pebble conglomerate 

... 

... 1* 


Bed duly and flaggy lone (salt-pseudomorph band)... 

Silidous and calcareous grits ... ... 

Dark sandy beds 

' Bed sandstones and shales, with a thirty -feet band of gypsum 
) Red shaly sandstones ... ... 

) More solid, red sandstones ... ... 

w Thick and flaggy red sandstones 
P Fault or slip. 


186 

120 
200 
100 
200 
400 

probably 
repeated. 
Ft 


\ 


No. 8 P— Black shaly band, with whitish flaggy sandstones below, probably 

exceeds ... ,. ... .*. ... 160 

No. 2.- C Bed shale ... ... ... ... ... 80 

part of P l Purple and green variegated shale and sandstone ... ... 70 to 250 

No. L— Gypseous salt mark P 


Westward of section. 


To the westward of this line of section, within a mile, the faulting 
and slipping seem even greater, giving the ap- 
pearance of an enormous thickness of the purple 
sandstone. The red gypseous hand marked in the section continues for 
some distance along a curving line, and appears discordant to the bedding, 
as if filling a reversed line of fault or fissure in the western part of the 
course. (See figure 26, Plate XVIII.) 

Further still to the westward (fig. 26) at the head of a deep narrow 
glen opening to the south, the section seems more 
Gypseous band. normal as to thickness, and the gypseous dark 

coaly shales are seen beneath the limestone escarpment of the plateau. 

Near the head of this ravine, a narrow neck of limestone connects 
that of the plateau with its lower continuation 
DMI * fltc0BL westward, and upon both sides of this neck the 

coal-shales arc exposed. At the southern locality, they m more than 

( 1M ) 
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100 feet thick, but are greatly split up by thin sandstone bands. These 
shales rest on red sandstones, and are overlaid by light-coloured sandstone 
beds; more shales overlie the latter, becoming flaggy above. A fault 
brings the whole against the nummulitio limestone; just beneath 
which some of the uppermost of the dark shales, and some two feet of 
the coal* are badly exposed. The coal bums with difficulty, giving off 
much gas and sulphurous fumes. 

Northwards from this locality, on the opposite side of the neck of 
Samnudri bungalow, nummulitio limestone, the coaly shales are seen 
locality. again, near a dilapidated bungalow. Some larger 

openings have been made into them here. In three of these the coaly por- 
tion was found to differ ; in one, there were three Bmall bands nnd three or 
four, 4 to 6-inch strings of coal ; in another, the coal and shale were so 
blended that the thickness of the former was undefined ; and in the third, 
the coal was 6 feet thick, but divided almost in the middle by a 7-inch 
band of grey shale. The coal weathered away rapidly owing to its sul- 
phurous character, and some parts of the coal-shale had taken fire and 
burned red. Just beneath the coal a hard, yellow, slightly calcareous rock, 
deeply weathered, and blue within, contained some obscure Bivalves and 
some Rotalina . Underneath these are some coarse reddish and white soft 
sandstones, which may belong to the same series. The coal seemed here 
in greater quantity than in the other places in the neighbourhood ; but 
as the limestone under which it lies is very limited in extent, so also must 
be the coal. 

Within a mile to the westward there is another locality, where the 
coal-shales and limestone are faulted against hard 

IffariiUu 

grey sandstones, capped by 100 feet of red sand- 
stone and shales. The cliff in which the coal occurs was inaccessible, 
the road to the old driving having slipped away, but the entrance to the 
mine could be seen on the opposite side of a ravine (Plate XVffla). It 

: - 

• The guide who pointed it out ate some spoonfuls of the ooal with eppaasnt relish, ns 
doubt regarding it as a medicine, and did not seem the worse during the rest of the day, 
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did not appear here that the junction of limestone and shales was 
regular, these having been crushed into irregularities of the under surface 
of^thelimestone by slipping of the whole mass. 

The red] sandstone brought against the limestone here seems to 
succeed the grey sandstones below regularly ; but 

The sandstone. 

as the latter are of the character of those belong- 
ing to the magnesian sandstone group, and no such strong red sand- 
stones are known in a similar position among the upper beds to the east, 
it is most likely that they belong to the group No. 5, which comes into 
the succession jiot far to the westward. 

There is yet another locality at which the coal-shales are visible in 
this neighbourhood, rather more than a mile to the 
westward, under the salt miners' old hot-weather 
village of Nfla, on the northern scarp of the tongue of limestone which 
caps this spur of the hills. The coal is rather more than a foot thick, 
occurring in the upper part of six or eight feet of black shales, under- 
neath which a yellowish calcareous rock reappears, similar to that noticed 
at the northern Samundri locality ; grey and ferruginous shales overlie 
the coal, and above them, just beneath the lime- 

A—ocUted r ocks. 

stone, is some fine powdery soft white sandstone 
with carbonaceous markings. The whole group of beds associated with 
the coal from the limestone downwards is twenty-eight or thirty 
feet in thickness. 


Beyond the small capping of limestone, the rest of the ground 
forming this spur is very much broken. The 
' salt-marl rises High on the southern flanks of the 
hills, and is much exposed in the deeper glens : the purple sandstone 
olifis start immediately from it, but the most of the higher ground 
is covered either with light-coloured rocks, very generally sandstone, 
of the magnesian sandstone group, or with their debris and that of the 
overlying Bocks. 

( 1M ) 
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On the Makrach side, this spur ie bold and steep, having more the 
character of an escarpment than the'other side. 

Makrfch «de of spur. ^ rocks, too, dip to aouth-by-east at higher 

angles than on the outer slopes. The purple sandstone jshows a 
thickness of some three hundred feet, but the shaly group No. 8 is in- 
significant, being apparently united with the light- coloured sandy bed# 
of No. 4. A thin red band or two ooour near the base of the " olive 
group, 1 ' overlying the possible representative of the group No. 5, this 
being near the place where it commences. The whole sandstone 
series below these red bands is about three hundred to four hundred 


feet thick, and at the eastern end of the Makrich salt-marl valley the 
beds are bent into an anticlinal curve, which on its south-eastern side 
passes below the Danddt plateau, and to the north-east under the long 


Anticlinal in glen. 


limestone ridge from C hoy a- Saidan - Sh£h, which 
forms the inclined southern side of Glmthala glen. 


Near the mouth of this glen just beneath the nummulitic lime- 
stone, there is strong development of the coaly 
Goal series J 

shales with their coaly band, here two feet three 

and beds below. i DC hes thick. A good deal of slipping in the 
vicinity obscures this place, and the dip is very high to the north, so that 
the shales appear unusually thick, the outcrop being 180 yards wide 
with a dip of 70°. The shales include some white, lumpy, sandy, and 
gypseous beds, and the lower part contains plant fragments. Underneath 
the coal-shales are soft white sandstones and red shales overlying a thick 
mass of the usual metamorphic-pebble conglomerate and sandstones 
of the “ olive group 11 with which these red beds are provisionally placed* 
The whole group is thick, but much concealed. From beneath these 
beds, the red, rippled, flaggy and shaly rocks, with micaceous layers and 
Annelida tracks, representing the " salt pseudomorph zone, 11 make their 
apppearanee ; and in the undulating light-coloured semi-calcareous beds 
of the “magnesian group 11 the white oolitic bands with a thickness of 
twenty fefet (the same as on the turnpike road near Khewra) were 
again observed. 


x 
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Section VII. — The Kah6n Plateau. 

This wide portion of the t table-land of the Salt Range is almost 

_ . . entirely occupied by the nummulitic limestone. 

Description. f , 

which is not unfrequently cherty, as in the neigh- 
bourhood of Dilw&l. The maximum heights of the plateau are at nearly 
the same level, and the central part is occupied by flat east and west 
valleys, with limestone ridges between, the southern edge being tilted 
somewhat and sloping to the north with the bedding of the rocks. The 
valleys are occupied by fertile soil washed from the higher portions. 
With regard to fossils, the limestone is quite the same as that to the east. 

All along the northern side of this plateau, the lower (Nahan) beds 
of the tertiary sandstone series dip from it 

Northern side. 

Tertiary sandstones. northwards, passing under the Potw&r country at 
angles varying from 80° to 50°. These beds have not at all the general 
look of the Murree or of the Bakr&la pass rocks ; the purple sandstones of 
the latter and general purplish colour are both wanting. The lowest beds 
are strong grey sandstones, in places greenish, having a calculated 
thickness of 4,500 feet. Above these comes the “ red clayey zone," 
between 200 and 800 feet in thickness, and then the “ orange and grey 
series," with some conglomerate beds, in places a good deal contorted, 
and occupying much of the country to the north. Just on the flanks 
of the range there is in places a set of more recent-looking conglome- 
rates and sandstones, with a steep dip to the north, and resting with 
doubtful conformity upon the older tertiary sandstones. These may 
probably be referred to a post-tertiary period. As is usual in such ground, 
ravines or * khuddera* 99 prevail extensively in the lower situations, and 
the harder sandstones rising on the flanks of the range form numerous, 
more or less continuous, escarpments. 

The eastern end of the limestone of the Kahtin plateau, as already 
mentioned, forms an open anticlinal curve, the 

Eastern port. 

axis of which .inks to the eastward, so that it is 
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embraced by the tertiary sandstones outside of and within the Choya- 
Saidan-Sh&h valley, west of the fault whioh brings these against the 
older beds underneath Karangli hill and elsewhere. 

A synclinal, corresponding with this anticlinal curve, its axis dipping 
also to the eastward, terminates the valley portion of these tertiary 
sandstones, close to the bungalow of Choya-Saidan-Sh&h, where the 
limestones rise out from beneath them. The termination of the sand- 
stones is concealed by a great quantity of calcareous tufa, on a high 
cliff of which the district bungalow is built. 

Towards the western end of the Kahun plateau the lower beds of 

the tertiary sandstones rise upon the limestones. 
Western part. a 

become horizontal, and bend over,-— dipping gently 

to the south, forming strongly scarped hills, with heights over 3,000 

feet. A brine-spring is reported to exist among these hills, but my 

guide could not point it out. 

To the west of Dilw61 (the largest village upon the plateau), and very 
much in the strike of the Ghoya tertiary sandstone synclinal, are two 
isolated patches of these beds, let down by faults into depressions of 
the escarpment above the western arm of the Makr£ch valley. 

The southern escarpment of this (Kahun) plateau extends from Choya- 
_ A _ A Saidan to Khlrddr, projecting so as to form a very 

(Southern escarpment. 

open angle between the two branches of the 
Makrfich defile, south of Dilw&l. At the head of the G&mthdla glen, 
near Choya, it presents a fine cliff-section of the series, from the “ purple 
sandstone 91 up to the “nuxnmulitic limestone/ 9 including the "salt-crystal 
zone 99 (see section, fig. 20, FI. XVI). The cliffs continue, but the 
section changes ; and within a mile and a half of the mouth of this 
glen the salt-marl appears, so that the following succession is seen— 

Fact. 

Group No. 11. Nummulitic limestone, lumpy below, more then — 200 

6 (Talus, place at coal shales, Ac.) 

„ Np. 10. Whit* red and purple sandstones and dive metamarphio- 

pebble conglomerates, estimated ... ... 150 
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Feat. 

Group No 8. Bed “ salt-crystal rone," flaggy and shaly layers ... 40 

No. 4. Light-coloured semi -calcareous sandstones of magnesian 

sandstone series ... ... £00 

„ No. 8. Dark micaceous shaly band, part flaggy ... 100 to 160 

„ No. 2. Purple sandstones, flaggy, earthy and shaly below 200 to 800 

„ No. I. Purple and red gypseous marl — seen ... ... 150 

Further to the westward the succession is different; the "olive 
group,” so strong in the neighbourhood of Choya-Saidan, is still present, 
but much thinner, and the " salt-crystal zone ” disappears, giving place 
to another rock-group. The magnesian sandstone is no longer of uniform 
character, but becomes, as it were, blended with the silurian zone, by the 
presenoe of other dark shaly bands, which render the distinctive character 
of the sandstone group less apparent. 

The purple sandstone and the underlying salt-marl retain their 
characters unaltered. Sandstones and shales of the magnesian and 
silurian groups, however, continue to the westward ; the latter extending 
beyond the former, and, in the absence of the stronger sandstones, pre- 
senting still the character of the lower group (silurian). 


The new zone. No. 5, increases iu thickness rapidly to the west, the 
salt-pseudomorph zone is not met with again, but the "olive group,” 
much diminished in thickness and somewhat altered in appearance, holds 
on westward, maintaining its place just beneath the nummulitic rocks. 


Aronnd the glen of Makr&ch the cliff-sections exhibit some local 
differences, most marked along the southern edge 

llajtFaiyi ffl0D« 

of the Kahtin plateau. One of these sections has 
Just been given, and the following will serve to show their variation in 
the vicinity 

HA 
200 

75 P 


N f Nummulitic limestone, compact above, marly and nodular below ... 

°‘ l (Talus and debris, concealing 50 feet and upwards) ... . i 

1 Yellow marls, no nummulites, some corals ... t 

Gre en glauconitic sandstones, with a few pebbles of crystalline 'j 
rocks, hssmatHic below : contain Zbretratefci ... 5 to 10/ 

Nodular pseudo-oonglomeratio bands) calcareous, friable, light- > 
oofamd, flaggy, striped, micaceous sandstone* with black l 
shaly partings ... ... . ••• to) 

17 * ) 


NO. 10,-r 


( 
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Group*. 


No. 

6.— 

No. 

1 

4. — < 

i 

No. 

! 

3.— 

No. 

2.— 

No. 

1.— 


t Reddish and white, coarse, speckled sandstones, thick-bedded, with 1 
i red shaly alternations ... ... ... .../ 


j on surfaces 


iginous nodules largo and numerous; fucoidsf 
lomerate ; pobbles of crystalline rooks ...J 

Dark shaly beds ... 

f Dark red or purple sandstone, alternating below With layers of red ) 
\ shale ; generally eartliy beneath, ncarj unction with next group * 

Gypseous, red salt-marl ... ... ... 


Feet. 

80 

800 

100 

260 

800 


Nearly below the old Makrdch customs-bungalow standing on the 
cliff edge, there is a thin band of red flaggy sandstone, apparently at the 
base of No. 10 in the above section, which may possibly be one of the 
last remnants of the salt-crystal zone, No. 8. Some other thin red rocks 
have been before mentioned high in the series, on the opposite side of 
the glen, under Nila, and eastward; but in the sections to the west all 
traces of this band are unknown. 


In the western branch of the Makr&ch glen, along which a fault 
appears to pass towards Kalar-Kahfir, the sections 

West branch of glen. . _ 

are in places concealed by slips and by accu- 
mulations of calcareous tufa, as near M&lk£na; but light-ooloured 
sandstone beds, of the aspect of the magnesian group, still divide the 
series. Dark shales occur both above and below these sandstone beds, 
the upper band, of about fifty feet, having some six alternations of sand- 
stone and shale. The sandstones were estimated at from 250 to 800 feet, 
and the dark shales below at 100 feet. Underneath the latter are, first, the 
“ purple sandstone, w and then the " red salt-marl/ 1 Over the light- 
coloured sandstones is as great a thickness of coarse white, reddish 
and speckled, strong-bedded sandstone, with red shaly layers. This 
is group No. 5. Above it the talus of the nummulitic limestone 
cliff greatly conceals the beds, bnt there is room for both the coal-shales 
and the diminished “ olive group/ 9 

The red salt-marl occupies the whole interior of the Makrioh valley, 
and the gorge which leads from it south-west- 
wards. Small portions of the marl occur in the 

( iw ) 
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G6mth£la glen, and it extends for two miles up the Kh£rddr branch. 
The marl, as usual, is gypseous ; its upper portion towards the mouth of 
the gorge, under Nila cliffs, presents some of the most distinct stratifi- 
cation to be found in the group ; the gypseous interlaminations, to which 
the stratified appearance is due, dip, like the rest of the cliff, to the 
south-east at 35° to 40°. 

Large salt-mines were once opened in this Makr&ch glen, but 
have long since been closed, the miners working 

Mines. 

now at Khewra. It appears from Dr. Warth’s* 
report that, west of the miners’ old village, there is a band of salt, 
150 feet thick, including several small layers of marl, the whole 
dipping at a high angle to the north. At another mine, to the south- 
west of the old village, the salt beds are thinner, an upper one being 
twelve feet thick, and consisting of a mixture of white granular salt and 
two-inch cubes. An old mine is also said to exist in the G&mth&la 
gorge, but none are known in the Kh£rd6r branch. It will be seen 
from this that, while the general situation of the salt is much the 
same, its section cannot be closely identified with that of the Khewra set 
of beds. 

The great eastern fault of the range bends here, or two faults 
meet, one coming down each branch of the glen. 

FlUltia 

The dislocation caused by these faults is every- 
where irregular. Its effects in the Glmthala glen will be seen in the 
section, fig. 20, Plate XVI ; but in the Khdrdlr ravine the only result 
seems to be that the strata to the Bouth-west are left at a rather higher 
level than those on the opposite side of the glen ; while higher up, 
about Khfirdlr itself, the beds on both sides being of the same lime- 
stone, there is little or no apparent “ heave ” on one side or the 
other. 

The fractures, which have allowed some of the tertiary sandstones 
to subside among the limestones and other beds of the north-eastern 
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cliffs of this valley, differ entirely in direction frcrjj the main break, 
but may be branches from it, running more east and west. Their 
throw is not considerable. 

There may possibly be some connection between the “ line of weak- 
ness ” along which these faults took place, and the reputed prevalence 
of earthquakes about Dilwil. One of these is said to have destroyed 
the Salt Officer’s old bungalow on the cliff edge, only the northern half 
of which, forming a poor habitation, was standing when I visited the 
place. 


Section VIII. — MalAt Table-land. 

The MalAt table-land is a lofty and broken rocky spur, parallel with 
_ .. , the Kh&rder branch of the Makr&ch glen, and 

rising between it and the plains. The south- 
eastern portion undulates much, while in the opposite direction the 
ground slopes gently eastward from the Simbal escarpment, overlooking 
the Sardi gorge ;* northward, towards Kandoya, the plateau undulates, 
is hilly, or slopes to the north-westward. 

The upper portion of this table-land is occupied by the light grey 
„ . nummulitic limestone, differing but little from 

Ncmmulitic limestone. _ „ 

that of the Dilw&l and Kahun country, except that 
it is perhaps less cherty. Its fossils are, as in other places, chiefly 
casts of large Gastropods and bivalves with some large Echinoderms, 
all in an imperfect state. The cliffs which bound this plateau to the 
southward and west are more lofty and bold than those to the eastward ; 
and the thickness of the limestone, with some allowance for denudation^ 
may be assumed at 250 to 350 or even 400 feet. Parts of the escarp- 
ment sometimes seem, as at MalAt, to have slipped downwards between 
small parallel fissures or faults. 


* Thu gorge is generally known by the first name, and the salt mines are spoken of as 
the Sardi nines. Dr. Fleming calls it the " Serai ” gorge (p. 241), and natives of the oonntiy 
spoke of it as the Seriirik Win. 


( 175 ) 




176 WYNNE : GEOLOGY OF THE SALT HANGK IN THE PUNJAB. 

All along these southern cliffs the sections are muoh confused by 
landslips, and the rooks are for large spaces 
concealed by debris. The talus at the cliff foot 
conceals the beds next below the nummulitic limestone, but the strong- 
bedded sandstones of No. 5 (already much thicker) generally project, 
skirting the base of the limestone cliffs, or form- 

Undcr-dife. 

ing under-cliffs themselves ; further out upon the 
spurs are broad patches of the nummulitic limestone which have subsided 
to lower levels, and then beneath these the reddish, or white, or 
speckled, sandstones of No. 5 are sometimes seen : but the slopes are 
often covered with quantities of debris derived fnNp the light-coloured 
sandstones, &c., of group No. 4>. The black shaly lower portion of these 
beds or the representative of group No. 3 is seen occasionally ; and below 
all there is generally a well-marked strong feature formed by the purple 
sandstone group overlying the red salt-marl. 


In this marl salt is known to occur in several places, and old mines 
exist in a broad valley due south of the village of 
Ydddla on the edge of the plateau above. The 
mines being closed, no information could be obtained about them on 
the ground; but they are noticed in Dr. Warth’s Report for 1870-71 
(previously quoted), in which he mentions a resemblance between the 
arrangement of the salt and salt-marl at this place and that at Khewra,— 
“ the white and red gypseous marl overlying the salt, which is underlaid 
by compact salt-marl." He also gives a rough sketch showing several 
alternations of red and grey salt with brick-red gypsum, in a vertical 
position; and he mentions one of many dislocations and disturbances 
by which the salt and gypsum seem to overlie the superior strata. Prom 
the arrangement of the guard-posts in this glen, it is evident that the 
salt lies in the upper portion of the marl, conforming to the outcrop 
of the purple sandstone. In the Kardli glen, again, westward of the 
last, where slips are also common, extensive but concealed deposits of 
salt are said to exist. 

( ) 
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The sections of these southern cliffs and spurs are very unsatisfac- 
tory ; towards the south-east end of the scarp they resemble the section 
west of Makr6ch. In other directions the sandstone group No. 5 appears 
to have increased, being from 250 to 300 feet thick. 

In the Karuli glen, the red marl may be imposed to a depth of 
from 460 to more than 500 feet; numerous ap- 

Karfili glen. - 

pearances of diocordance caused by slips from 

above occur in the overlying strata. The purple sandstone above th* 

marl i& about 300 feet thick, and at one spot contains, just at its upper 

limit, a thin band of granular red haematite. A commanding and 

rather detached peak of about 900 feet altitude shows a large portion 

of the series horizontally bedded, the upper half being formed of light- 

coloured massive sandstones, with a dark slialy band at their base, 

resting on the purple sandstone r , the whole being capped by some of 

the reddish sandstone of No. 5. 


Underneath Maldt, at the head of this glen, there are vertical cliffs 
showing sections at least 300 feet thick of the light- 
Maldt sandstones, coloured, speckled, and reddish sandstones of the 

last-named group (No. 5), alternating eight times with bands of red and 
crimson shale, and overlying brownish sandstone, or sometimes conglom- 
eratic bands, probably the locally uppermost portion of the group No. 4. 
Within this thickness of sandstones, &c., there is some diversity ; the 
majority of the beds are whitish, some greenish or purple or darkly 
speckled, some are soft, and some silicious and ferruginous. All varieties 
of sandy lamination occur in them, and all are much ripple-marked, the 
red colour which pervades them being less apparent on the freshly 
broken than on weathered surfaces. 

Above this group are whitish flags with black filmy layers, and 
i ' some few bands of greenish shale, with marks like 


Overlying^beds. 


worm-tracks, these beds becoming gravelly and 


conglomeratic with metamorphic pebbles in a soft olive sandstone 
matrix. At irregular positions in the upper part of these beds are also 
y ( 177 ) 
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some very red shaly bands, and higher up, the coal shales, below the 
mass of the nummulitic limestone, are seen just under the village of 
Kardli in the subsided portion of the cliff on 
which this village stands. The section is thus— 


Feet. 

6. Lumpy white limestone, pert of a cliff of more thuw ISO 

6. Black coaly shales, *ith much pyrites ... 0 to 84 

(In these coal-shales is a lenticular mass of limestone 
from 18 inches to 8 feet thick). 

4. Lumpy limestone ... ... ... ... 6 to 8 

8. Black shale ... ... ... ... 6 

2. Hsamatitic and lateritic hand ... .. ... 8 to 30 

1. Bed and pale purple, and ferruginous shale, with plant 

fragments ... ... ... ... 80 


The coal is merely in strings and lenticular layers in the shale. 
Some of it was tried in my tent-stove at night, but the fumes were too 
sulphurous to be borne. The general section near Karuli is as follows 


Groups. 

j 

"Nummulitic limestone, lumpy and cherty below 

.... 

-a. 

Feet. 

800 

No. 11 i 

Coal-shales ... 

.. 

... 

20 

\ 

Lateritic hand, hamatitic day ... ... 

... 


8 to 80 


Pale purple clay or shale 

... 

... 

18 

No. 10 - 

White flaggy beds, with blsck filmy layers andY 
beds of red day ... ... ... y 


80 

No. 6. 

[Olive conglomerate and conglomeratic sandstone j 

Beddish, speckled and whitish sandstone with many altema- 



tionflof red shale ... 



800 

No. 4. 

Light coloured, flaggy and strong sandstone 



260 

No. 8. 

Black, clunchy, micaceous shales, parts flaggy 

... 

eeo 

100 

No. 2. 

Purple sandstone, marly bdow 


• M 

800 

No. 1. 

Bed salt-mad— seen 

... 

800 to BOO 


The great gorge of Sardi (or the Seriirik Win), vest of Kardli, 
^ * ®ot back into the plateau country for a dietanoe 

of six and a half miles from the plains in a north* 
erly direction; three miles more of excavation would have earn ed it 
right across the whole range. Jts depth is not marked upon the map, 
bnt appears from aneroid observation to be from 1,500 to 1,600 f ee t. 
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The sides of the gorge expose high cliff-sections from the nnmmulitic 
limestone downwards to the red salt-marl, which 
runs up the glen for a distance of nearly five miles. 
It is evidently the horizontal disposition of the strata that leads to the 
exposure of the salt-marl, ao far up this and other glens intersecting 
the plateau-country, which is itself a result of the horizontally of the 
bedding between the southern escarpment and the line along which the 
rocks assume a northerly dip. 

As noticed by Dr. Fleming and others, with regard to this gorge, 
the strata have a low dip from the valley towards 

Antinliim] * 

the east and west ; and, as Dr. Warth has ob- 
served, there are masses of brick-red gypseous marl on the east side 
of the glen, near the mines, which are unrepresented at its western side. 
This can hardly be accounted for except by slipping or by supposed len- 
ticular irregularity in the stratification of the upper part of the marl. 
Disappearance of the salt beds by solution should have caused a smaller 
development of the whole group on the eastern side of the glen, and 
faulting would not be tenable on the presumption that the beds of salt 
and gypsum retain the arrangement attributed to them, at Khewra and 
elsewhere, by Dr. Warth. There is, however, another and more feasible 

Land-Blip* concealing ex P lanation tlie difficulty ; for, to the westward 
part of section. of the mines, a great land-slip has taken place ; a 

tract of the nummulitic limestone, two and a half miles long, having 
subsided from its continuation with that of the cliffs of Maijhang. 
In consequence of this dislocation, which can hardly be supposed limited 
only to the nummulitic limestones, the underlying strata appear to 
have been pushed out over the marl, so as to conceal the portion of the 
latter which is really uppermost in the vicinity of the mines; and the 
salt beds of Sardi, if on nearly the same horizon as those of Khewra and 
south of Vidfila, would seem to have above them a local development 
of the gjqweops red marl unknown in those localities. 

As is often the case with regard to slipped masses along the escarp- 
ment, that under Maijhang, although it is broken and confused, and 
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the ground is often concealed by debris, does not seem to repeat the series 
regularly. From anterior or subsequent landslip portions of the same 
limestone mass rest on different groups of the older rock. 

The thickness of the salt beds mined at Sardi does not seem to be 
known ; one bed of 20 feet, with a north-westerly 
strike, is mentioned by Dr. Warth; another of 
the same thickness, but of bad salt, dips at a steep angle to the north- 
north-west ; while good salt above the latter is shown for some 40 feet, 
and below for about 75 feet, in thickness. There has alwaysb een diffi- 
culty in working these mines on account of their low situation, the 
excavations leading downwards below the level of the stream, and con- 
sequently rendering them liable to flooding. The small bi-pyramidal 
quartz-crystals mentioned as occurring in the gypsum here by Dr. 
Fleming (l. c. p. 251) were stated by people knowing the locality to 
occur but very rarely. 

The sections on both sides of the gorge are very much the same, 
except that, at the head of the glen, the nummuli- 
tic limestone suddenly increases in thickness owing 
to the introduction of a quantity of soft marly beds below, nearly 
double the depth of the same group, at the sides of the glen, midway 
between the head and the mouth. That the group has not been reduced 
at the latter place to any great extent by denudation would appear from 
the occurrence of the conformable tertiary sandstones, &o., dose to the 
edge of the cliff at the village of Sardi. 

The general section exposed in the glen where the rocks are not 
confused by dislocation or concealed by debris is as follows 

Group*. Feet. 

No. 12. Tertiary sandstones dote to the edge of cliff to the west of glen P 
No. 11. Nummolitic limestone, grey, compact, and lumpy, or marly 

below ... ... ... ... ... 260 to 400 

(Tains and debris, room for ... ... ... 160) 

/•Shales and days, light lavender pr darker coloured ... 8Q 

No. 6.4 Sandstones, speckled, ferruginous, and whitish, wife red day 

l or shale bands ... ... ... ... 260 to 80S 

' 180 ) 


260 to 400 
160) 
8Q 

260 to 800 
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Groups. T«efe. 

No. 4 Brownish and light coloured or grey sandstones, passing into— 160 to 800 
No. 8. Blaok shaly band ... ... ... ... 00 to 100 

No. 2. Purple sandstone, shaly or marly below ... ... 260 

No. 1. Bed salt-marl ... ... ... ... ... 

The outcrops round the glen are nearly horizontal, the beds dipping 
gently away from the excavation to the east and west ; but at the head 
of the glen they dip at 20° and 25° to the north. Jnst beneath the 
nummulitic limestone talus on the road from Karuli to the Sardi salt 
mines, a mass of variegated, h&matitic, earthy laterite, projects. From 
this rock, it is supposed, the native artificers procure the material 
which they cut into letter-weights, &c., for sale. In several parts of 
the Sardi glen there are deposits of calcareous tufa. 

On the hilly part of the plateau above the northern end of the 

.... ravine, there are some peculiarly veined concre- 
vanegated stnped beds. 

tionary beds high up in the nummulitic limestone. 
They are of a reddish grey tint, the structure being marked by irregu- 
larly concentric rings and thin bands of purple and yellow colour; their 
thickness is at most 20 feet. From these are taken those parts in 
which the lines are most strongly developed, for knife handles, weights, 
and such ornamental UBes. The exposed parts of the beds are much 
jointed, but, if large blocks could be obtained, they would doubtless 
work up into a pretty marble. It is said that the church at Sh&hpur 
is flagged with stone obtained from this place, and the remains of old 
quarries are visible.* 

Close to the locality at which these beds occur, there are some rem- 

„ .. nants of the tertiary sandstones, and one consi- 

Tertiary sandstone. 

derable outlier forming hilly ground; here the 
lower beds contain a number of reptilian remains and some fossil wood. 
Bones ore numerous, and parts of the heads of crocodiles have been 
found; but none of the fossils discovered were in very perfect preserva- 
tion. north of this outlier, the underlying limestone rolls up and 

• The polished specimens of this stone sent to the museum at Calcutta were pruemitml 
bp Mr. lUmheU, lets of the Sett Department, Sardi. 
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then turns steeply down northward, forming 1 the hills south of the pic- 
turesque neighbourhood of Kalar-Kahar. 

By the road from Sardi to Kalar-Kah6r, both the uppermost num- 
„ , _ , , . mulitic beds and the lowest tertiary sandstones can 

Kalar-Kahar junction t 

of nummuiitic and ter- be seen. The junction beds of the latter are at 
tiuy s&ndstonee, &o* m0 gt a couple of feet in thickness, and are of 

pseudo-conglomerate, calcareous and lumpy, and of a greyish purple 
colour. Sections of small concretions resemble Nummulites ; and a few 
of the latter are scattered through the rock, but whether originally 
belonging to it, or derived, there is nothing to show, and the junction 
presents eveiy appearance of conformity. In some places, this junction 
rock appears more conglomeratic, with pebbles of a dun-coloured lime- 
stone, and overlies some 15 feet of purple marly rock, directly under 
which is the nummuiitic limestone. This limestone dips at 35° and 40° 
to the north on the hill side, and appears to be cut off by a small fault 
bringing it against the sandstones, &c., close by, west of the descent 
to the Kalar-K£h&r bungalow. 

The bungalow at this place seems to stand upon an exposure of the 
red salt-marl, which, strange to say, is seen in 
connection with the nummuiitic limestone, in a 
hillock over the shore of the lake just east of the bungalow, and is 
again seen among the gardens and vineyards near the police station 
to the west. The place abounds with fresh -water springs, which pro- 
bably indicate faulting of the rocks and exhaustion of any saline im- 
pregnation near their sources. 

Some brine-springs, however, issue from the marl close by the fetid 
black muddy shore of the lake. Tracing this marl to the eastward, it is 
found at first between the limestone and the tertiary sandstone beds, but 
afterwards turning to the southward between apparently nearly vertical 
walls of the limestone, in a direction which would exactly coincide with 
the run of the fault up the Khirddr arm of the Makrdch glen. The 
marl is so weathered, recomposed, and cemented by calcareous infil- 
trations, that it is very hard to get a decent specimen of it, bat its 
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internal colour and the association of gypsum identify it with that tit the 
south side of the range. 

At its last exposure in the Makr&ch direction, there are associated 
with the marl a few beds of friable, whitish and reddish, or purplish 
sandstones, probably of group No. 5, dipping to 4he northwards on that 
side of the marl at about 85°, and the upper portion of these beds is 
dark and shaly. The limestone on both sides of the marl dips also 
northwards, or east of north, at nearly the same angle, and the whole 
exposure has a width of a hundred feet or so. From the occurrence of 
these few beds of sandstone, it may be presumed that the marl (the 
softest rock of the series) was forced by pressure into an open fissure 
caused by disturbance along the western continuation of the Makrloh 
and Choya fault. The water which flows by this fissure from the salt or 
salt-marl near the lake, is so strongly saturated, that an ordinary gurra 
full (more than two gallons) boiled down, yields two seers (4 lbs.) 
of salt, according to the aocount of the natives, and information supplied 
by Mr. Marshall of Sardi. Other springs on the same line of fracture 
and in the same association are, however, fresh. 

In some places where no limestone intervenes between the mail 
Junction with land- an d the Bandstones of the tertiary series, the latter 
8tone ”‘ are contorted, contain redder clays than usual, and 

dip sharply at the fault, while elsewhere, where the limestone does 
intervene, it is separated from the sandstones by smaller dislocations. 



riff, l a- fl l t Uk jmKm, a-lAm XafcrJGi Ur. 
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The remainder of the lower tertiary sandstones in the vicinity are of 
the usual kind, intercalated with red shales or clays, and the “ red clay 
zone” passes just north of the lake, holding its east and west course 

. . . along the northern flanks of the hills. Some coal 

So called coal. 

has been mentioned as occurring at a place called 
Nurwa, north of Kalar-Kah&r. This is in the overlying thick, grey, 
sandstones and orange clays, the coal being merely a few strings of 
lignite, the fossilized remains of trees or branches, and of no economic 
value, occurring at the base of a thick band of sandstones. 

The Kalar-Kah&r lake has a very small catchment area, receiving 
the surface-water of the hill-slope to the south - 

Kalar-Kah&r lake. 

ward, and very little more ; a considerable stream 
with which it is not connected passes close by to the north-east, and 
another within a mile to the westward. The lake would seem, therefore, 
to be principally supplied by springs, both fresh and salt, the water 
from which accumulates in a nearly circular sheet, a mile in diameter, 
but of only two or three feet in depth, or perhaps four when full. 

In dry weather, the water almost all evaporates, leaving deep black 
mud covered by a thin saline incrustation. The odour from this mud 
poisons the air in the vicinity, and, as might be expected, fever is said to 
be then very rife in the adjacent village. 

The salt naturally formed here is impure, of the kind called ( kalar 9 
by the natives. Five hundred grains of the lake 

ItB —lt»T * 

water, according to Dr. Fleming (/. c. p, 250), 
contain 14'97 grains of saline 'matter, consisting of sulphate of soda and 
of aodinm and magnesium, with a trace of chloride of calcinm. 

IX. — ■Ntiaptm Plateau. 

This plateau, about twelve miles long by ten broad, presents some 
variety of straotare, the tertiary sandstones over- 
Amsi straetnn. lying a large part of it, as well as bring brought 
into contact, with the limestone beds of the plateau. Faults also 
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have caused the re-appearanoe of the salt-marl in situations as unusual as 
at Kalar-Kahtr. 


Like other plateaux o£ the range, the surface undulates much, the 
northern side being the highest by from 400 to 
ertaary 5Q0 feet. Everywhere, feting the northern side, 

the tertiary sandstones and clays rise upon the flanks of the hills at 
angles of 20° and 25°, the lower greenish beds having a calculated 
thickness of 2,500 or 2,600 feet. The red clayey zone still maintains 
its place along the hill-foot, having very much its normal thickness of 
about 1,250 feet. 


The softer grey sandstones, and drab or orange clays, overlie these, 
and form the lower ground of the Potw&r country. To the north- 
east, in the vicinity of Kalar-Kahar, the lower beds of the sandstone 
series rise upon the northern sloping edge of the plateau, and becoming 
horizontal extend to the southward, occupying a broad, open and nearly 
circular basin, one part of the edge of which impinges upon the western 
cliffs of Sardi gorge. 


A rough contour-line from this spot marks the boundary of the 
sandstone basin, the whole of which is occupied by good soil, the waste of 
these tertiary sandstones and clays, supplemented by rain-wash off the 
limestone, which rises out from beneath them. At the northern side of 
the basin the sandstones contain small fragments of bone particularly 
in pseudo-conglomeratic layers ; and many of the beds are covered by 
patches of white saline efflorescence ( halar ), which collects along the 
smaller Streams in sufficient quantities to be gathered unmixed with the 
sand and earth. 


A long narrow strip of the tertiary sandstones, 60 to 150 feet in 
thickness, is let down below the level of the ad- 

Saheti fault. 

joining limestone by a north-west fault from 
the heat of the Nilawtn ravine, passing by Saheti and to the 
southward of Vasn&l. Other denuded outlying masses of these 
rocks, once doubtless continuous with the faulted portion, overlie 
z ( 185 ) 
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the nummulitic limestone westward of the Nilaw£n ravine and just 
above its cliffs*. Near Bh&l, almost the very lowest of these beds 
are red clays, above which bone-fragments occur in the sandstones. 
The rest of the plateau is mainly occupied by the num mul itic limestone, 
generally compact, sometimes cherty, and sometimes, as near Vasnfil, 
of a pinkish colour, with red veins. The lower beds are, as usual, 
nodular, marly, and lumpy. The fossils have a general similarity 
to those of more easterly situations, but occasionally occur in larger 
variety and somewhat better preservation, as at the edge of the cliffs 
overlooking the north-east corner of the Nilawan ravine, where several 
large Cypraa, Echinoderms and other forms are found. From four 
to five hundred feet may be allowed for the average thicknes of the 
nummulitic limestone on the eastern half of the 
plateau, its thickness increasing, however, to the 

westward. 


Thickness of nummu 
litic limestone. 


The long, narrow, flat valley, in which the village of Sar ( or Surr ) 
is situated, coincides in direction with the Saheti 
Sar Valley. fault. It is occupied by cultivated ground and 

bounded by broken outcrops of the limestone ; but, from the appearance 
of some reddish sandstone beds in its northern cliffs, it appears very 
probable that the limestone has been denuded, the floor of the valley 
being formed by the sandstones of group No. 5. 

The lofty cliffed escarpment which bounds the Nurpur plateau to the 

Southern edge of B0utl ^ * s very complicated ground, owing to the 
plateau and cliffs. huge dislocation and irregular and unequal sub- 

sidences which have taken place. It is only here and there, at the heads 
of valleys, that the cliff which rises above the broken ground is of 
sufficient magnitude to give sections through the whole series, and it 


• In one of Dr. Fleming's sections, tertiary sandstone outliers are shown upon both 
rfa— of this ravine. Although I crossed the ground where the eastern patch is marked, it 
may have escaped observation from darkness, and some fields there may be formed of its 
debris; nor could I see this outlier from higher ground in the neighbourhood commanding 
the place. 
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is always doubtful wbetber the portions exposed on the spurs and lower 
eminences are in situ or not. 


In the Samli hills, south of Sardi and near Morghang, the talus of the 
nummulitic limestone cliffs conceals the beds 
Sunk hills and Matin. j mme< ii a te]y below them ; but a thick band of Hlac 

and variegated clay, very characteristic of the upper part hf the “speckled 
sandstone” group (No. 5) is exposed to a depth oi 150 feet, and is even 
thicker to the westward near Matan. Beneath this are fully 300 feet of 
the speckled reddish sandstones, some of which are used for mill-stones, 
they are less alternated with red shale bands than to the eastward ; a 
few of the rocks are white and conglomeratic, with hard quartzose and 
crystalline-rock pebbles, and ripple-marks arc very common on the sur- 
faces of the finer beds. 


The magnesian sandstone group is also represented by about 150 feet 
of light-coloured sandstones and darker shales, overlying a black shaly 
zone of 90 feet, representing the silurian band. Under this are 300 feet 
of the purple sandstone series, and then, at the base of all, the salt-marl 
is seen. 


In this neghbourhood, the rocks beyond the escarpment have a slight 

Tendency to dip to- tendenc y to di P towards the plains, but they have 
wards plain. all been so affected by slips that this appear- 

ance cannot be trusted as original. Over the lower hills, the harder 
grey sandstones and their fragments are more exposed than in the cliffs, 
while great masses of the nummulitic limestone and other beds have 
been transplaced/ in some instances having slipped down to the very 
foot of the hills (see fig. 29, Plate XIX). 

The red marl is seldom seen on the outer sides of these land-slips, along 
the edge of the boulder-zone, but appears in the valleys between the fallen 
masses. The lines along which these slips have 
Land-slips. taken place, though apparent enough npon the sur- 

face, can seldom be followed downwards so as to discover their “ hade n 
or throw, and in some cases the only apparent plane of transplacement 

( 187 ) 
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is one corresponding with the bedding of the rock, as in the case of out- 
lying patches of the nummulitic limestone (see fig. 80 , Plate XIX). 

It cannot, of course, be assumed that the lines of slip are as regular or 
straight as those in the diagrammatic sections figured ; the irregulari- 
ties being concealed, these are only approximate indications. 

The general section between the Nilaw&n and Sardi ravines is 
thus : — 


No. 6. 


Groups. Feet. 

No. II. Nummulitic limestone, compact above, marly and nodular below .. 460 

(Talus concealing the lower part of it). 

Lavender and variegated clays ... 160 

Reddish and white coarse thick -bedded sandstones, sometimes conglo- 
meratic, generally speckled and ripple-marked, alternating with red 
day or shale bands . . 350 

No. 4. Light-coloured and compact sandstones, frequently separated by bands 

of dark shale ... 150 

No. 8. Black shaly and flaggy band (silurian) ... 90 

No. 2. Purple sandstones, earthy below ... 800 

No. 1. Bed, salt-marl, and gypsum ... P 

At a short distance to the eastward of the mouth of the Nilawan 

Magnesian aandrtone the S*»P No - 4 retains the 

group. colour which this band generally possesses, the 

dolomitic character is all but gone, and sandstones, frequently alternating 
with shaly bands, compose the group, which appears to be losing thick- 
ness rapidly towards the west, shales frequently replacing the sandstofie 
portions. 

The silurian dark shaly group below has still much of its usual 
appearance, and occupies its usual position above 
the purple sandstone. 


SUuriaa. 


The grand gorge of the Nilaw&n (see sections on Plate XX) pene- 
trates this plateau in a northerly direction* for a 
MiMwis mm distance of more than five and a half miles, reach- 
ing up to Bhilifl near Ndrpur. Its depth is estimated at from twelve 
( 188 ) 
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to eighteen hundred feet, and its width, at one plaoe midway up, is only 
three-quarters of a mile. Just within its mouth is a narrow throat or 
gorge, entering between high under-cliffs of the purple sandstone group, 
which approach so closely that there is no room left for the salt 
marl, although this crops out both before entering and after passing 
the throat. 


Scries of Nilaw&n. 


Beyond the narrow portion the ravine opens to a width of more than 
a mile, and above the purple sandstones of the 
eastern side, which are fully 400 feet or more in 
thickness, and of lighter colour towards the top, the dark, lumpy, 
micaceous shales of the zone No. 8 are seen, with a thickness of 90 or 
100 feet. Over this band are 50 feet of light-coloured sandstones, 
alternating above with three bands of dark shale having a thickness 
of some 80 or 90 feet, and an aspect very similar to those below. The 
thick speckled sandstone and red shale group succeeds, and then comes 
the talus, a high cliff of nummulitic limestone rising above all. 


Down in the gorge, just here, and in the narrow part beyond, there 
is evidence of extreme crushing, and a crooked bifurcating fault occurs, 
the displacement accompanying which does not appear to be great. 


The angle formed by the branching of this fault is occupied by the 
purple sandstone, on the left bank of the stream vertical, and striking 
west-north-west to north-west ; while on the right hank it is nearly hori- 
zontal, dipping at a low angle into the hill. 

On the western side of the gorge, at the same plaoe, the lower part 
of the section is, as before mentioned, the purple 
We«t aide o# gorge. sandstone, which is somewhat contorted,' and the 
group No. 4 only slightly represented, if at all, but high up beneath 
the limestone cli ffs some of the intervening beds between it and the 
“ speckled sandstone 99 are exposed, a new member of the series having 
made its appearance. The same rooks occur also in the BUI arm of 
the gorge at right angles to, and on the west side of, the main glen. 

( , 18 » ) 
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This new group, which first appears in the Nilawtfn, is the carboniferous 
Carboniferous in Nila- formation, occupying such an important and large 
w4n ravine. place in the geological series to the westward. The 

section at this place is as follows, chiefly from Dr. Waagen's notes 


Groups. 

( Nummulitic limestone of the plateau, forming a compact 
limestone; difi ... 

Thin-bedded grey nodular limestone 
Talus, black coaly shales and coal layers ... 

No. 11.' Brown marls with hard concretions, and — Nummulites ... 
Hard grey limestone, well bedded 
Grey nodular marls with irregular hard layers 
Section obscure for 20 feet, blocks of limestone with 
l Terebratvk e nearly in situ ... ... ... 

f Dark-green thick sandstone with granules of phosphate 

I of iron, many specimens of large Nautili , long slen- 
der spines of Cidaris, small bivalves and gigantic 
No. 10. 4 Conus f, a foot high (probably cretaceous) 

I Pisolitic haematite ... 

I Coaly shales, very irregular, with some appearance of 
L discordance to beds below ... ... 

r Coarse sandstone, light yellowish grey, with Productus 
spinosus, bivalves and corals ... 

No. 6.- Coaly, sandy Bhale ... 

Light greenish sandstone with coaly laminae, one bed of 
this sandstone is 20 feet thick 
''Lavender clay 

| Greenish and blackish shales, many indurated marl beds, 
containing a yellow mineral (? an ore of lead) 
Lavender clay and thick white and yellowish sandstone. 
No. 6." interstratifled ... ... ... 

Bed sandstone ... ... ... 

Lavender clay, dark-coloured ... 

Bed sandstone with many alternations of red and purple 
shale ... 


Ft. 


200 

50 

60—60 

20 

10—16 

15 

20 


15 

6 

« J 

10 

10 

60 

6 

60 

100 

80 

10 

80 


Ft. 

Average. 


372 


27 


70 


286 


c Soft green sandstones with pebbles of crystalline rocks i 
No ‘- 8 > 4 - 1 Dark thalj Und ... ... ... ... / 

j Purple sandstones (200 feet, soen) ... ... 

°‘ ' i Purple shaly lower portion ... 

No. 1. Bed gypseous salt marl. 

( 190 ) 
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A little to the northwards the gorge again becomes very narrow, 
and there is much appearance of crushing, the purple sandstone again 
approaching on either side so as to leave little or no space to be occupied 
by the salt-marl ; slips from above often conceal the true thickness 
of the rocks, and the purple sandstone in some sections appears earthy 
or shaly for nearly half its thickness, but for much less iu others. 

The magnesian group, where separable, has a thickness of more 
than 50 feet, but the light sandstones are sointer- 
Group No. 4. calated with dark shales that they seem rather to 

form a part of the shaly zone below, the whole hardly amounting to 
100 feet. Above this the speckled and red-banded sandstone occurs, but 
can hardly be seen from the bottom of the narrow gorge, while the 
talus of the nummulitic limestone cliff obscures the softer beds beneath 
that zone. 


In this narrow part of the gorge, as at Khcwra, there is again seen 
the same sort of volcanic, lavender, ash-like rock 
with an irregular thickness of a few feet, under- 
lying a gypsum band just at the top of the salt-marl, and associated also 
with a decomposing layer of the more solid volcanic rock, the same as 
occurs, in quite a similar situation, at Khewra. 


Where this narrow part of the gorge opens a little, to the northward. 

Salt at narrow put of a 3 °- feet bed of r0ck * Balt “ 86611 at ^ «“&<» 

8 0r & e - on the right bank of the stream. It contains 

thin lamina of different colour, and forms four or five beds lying 
quite parallel to the stratification of the overlying purple sandstone 
close to the base of which it occurs, with a band of the lavender 
clay just noticed intervening. Bock salt is seen again a little further 
to the north, with two strongly marked white beds, and a thickness of 60 
feet. It is also known to exist in very many other parts of the red 

marl of this gorge, and the lavender day and 
Other salt mines. * 

* volcanic trap-rock occur pretty generally. The 

latter was found by Dr. Warth at one spot interposed between some thin 

layers of bad salt below, and a SO to 50-feet bed of white gypsum 

( 1»1 ) 



192 WYNNE: GEOLOGY OF THE SALT BANGE IN THE PUNJAB. 

above, just beneath the purple sandstone. The trap here was 15 feet 
thick, muoh decomposed, and contained a layer of talc. It would appear 
that the overlying gypsum band is of irregular thickness, and not con- 
stantly present, as at Khewra glen. 

Where the narrow part of the gorge opens and joins the southern 
side of the Bh&l ravine, the purple sandstones appear to be faulted 
along a north-westerly line, and the beds are vertical. This disturbance 
would also seem to have affected the salt beds in some of the neighbour- 
ing mines, where Dr. Warth describes them as likewise vertical, having 
nearly the same strike and a thickness of 60 feet, two beds of 30 feet 
each being separated by a 10-feet bed of bad salt. 

On the opposite side of the stream in the Bh&l gorge, and at a con- 
siderable height upon the foot of the spur between this stream and that 
from BhaliAl, other old mines occur, in which the same observer found 
the rock-salt bearing north and south, nearly vertical, but dipping 
slightly to the east ; and in another mine further northwards the salt 
beds were disturbed, striking south-east and north-west as far as could 
be made out. 

Hence it may be inferred that, notwithstanding the prevalence 
Disturbance of Btead y horizontal or inclined stratification, all 

round the lower portion of the glen the softer salt 
marl has yielded to disturbance which has left much less impression 
upon the massive series overlying ; the lines of disturbance, too, coincide 
so nearly with the directions in which the glen has been excavated, as 
to suggest their having conduced to this result. In both this and the 
great Sardi glen (the two largest excavations of the kind) it may be 

Beda dipping away from obflerved ^at the beds dip away from each side 
thi* and Sardi glen. towards the east and west as if there had been 
formerly an anticlinal arrangement of the strata; but this may with 
more probability have resulted from other disturbance, accompanied by 
slight dislocation of the ground out of which the valleys have been 
eroded. At the heads of both of these large glens the beds dip steeply to 
the northwards below, but are nearly horizontal above the cliffs, so that 

( in ) 
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the two glens have a certain amount of stratigraphic resemblance ; from 
this it may be inferred that similarity of conditions induced the denuda- 
tion to follow certain lines. 

The streams in the Nilaw&n drain by far the largest part of tho 
Nrirpur plateau, notwithstanding which the struc- 
* ture of that plateau seems to indicate the former 

existence of an uptilted rim or edge along the whole of its southern side, 
which must have been broken through in order to allow the drainage to 
escape. This might have been effected by a fissure, coinciding with the 
general coarse of the glen being either left open or filled with portions of 
the superincumbent beds, easily removable by denudation. Otherwise, 
it can only be supposed that the superior height of the limestone and 
underlying beds at the northern side of the plateau so influenced the 
general disposition of the formerly overlying tertiary sandstones, &c., 
that a southerly drainage was initiated. The Sahcti fault with ita 
subsidence of a couple of hundred feet obliquely crossing the direction 
of this southerly outflow may have increased the tendency, or, if conti- 
nued along the course of the future Nilawdn, may have depressed a 
portion of the tilted limestone rim, so as to decide the point at which the 
erosion of the ravine commenced.* 


• In the case of the S&rdi ravine, a longitudinal break coinciding with the axis of 
an anticlinal, or what would otherwise have been an anticlinal curve, seems even more likely 
to have taken place, for though the general inclinations are lower than down in the narrow 
part of the Nilaw&n, there is a very general dip away from the edges of the excavation. 
The drainage of the Sardi ravine also oomes from a small basin to the northward, so small 
that it seems quite disproportioned to the size of the gorge* and it i» possible that much of 
the eastern port of the Kfirpur plateau may have discharged its rainfall into the Sazdi ra- 
vine before the streams to the northward through the soft tertiary sandstones were deepened 
sufficiently to lead the water in that direction. Within little more than half a mile to the 
westward of the latter ravine, a parallel stream to that within it runs due north for nearly 
four miles, into the small basin above the head of the glen, and none of the water from 
above the eastern edge of the Sard! glen escarpment, except some smaU streams about 
Simbal, finds its way into this catchment basin. Here, too, the progressive destruction of 
once overlying tertiary sandst o nes and days may have led the denudation along the line of 
the gorge; bq^ if this denudation had acted in the same manner as in many other cases over 
the plateau country, it would have left the limestone surface of the anticlinal (if this 
latter existed) almost intent, instead of cutting a deep gorge right along the highest part 
of it The probabilities seem all in favour of erosion slang fissures, or else of unequal 
subsidence of the adjacent country around these glens. 

▲ 2 


( ) 




194 WYNNE : GEOLOGY OF THE SALT RANGE IN THE PUNJAB. 


The tertiary coal and its accompanying shales are seen beneath the 
high cliff of nummulitic limestone, along the face 
of which the patrol road has been carried up the 
ascent which leads out of the northern part of the gorge on to the 
Nurpur plateau. The coal is in very small quantity, and occurs in the 
shales.* 

The sides of the Bh£l branch of the Nilaw&n are much covered by 
debris below the nummulitic cliffs, but at the 

Bh£i carboniferous. 

head of this part of the ravine, the carboniferous 
and locally next overlying beds form a ledge on which a confused mass 
of great limestone blocks rest, concealing the basal portion of the 
nummulitic series. The way to this exposure lies through a fissure 
parallel to, and at the very edge of, the cliff south of Bhal. Descending 
this, the talus at the foot is reached, and a further descent leads to the 
ledge. 

The following is the section here, measured, where practicable, along 
the bed of the Chellintun stream.f 



f 


i 


i 


18. Nummulitic limestone of cliffs and plateau ... 800 ft. (and upwards.) 

(Fallen blocks concealing the section, place for many 
feet of rocks). 

12. Hard shely calcareous bed* ... ... ... 7 „ 

11. Sandy dark limestone or highly calcareous beds ... 6 „ 

10. Hard sandstone band ... ... ... 1 „ 

9. B and y and lumpy limestone with shark’s teeth, Tereb- 

ratal# and Echinid spines ... ... ... 4 „ 

8. Dark-green ferruginous sandstone ... ... 12 „ 

7. FlaoUtic haematite ... ... from 4 to 8 „ 

6. L enticular layer of lavender shale ... ... 1 „ 

6. White micaceous fine sandstone with black markings ... 16 „ 

4 . Hard blue sandstone with gypseous clay bands ... 6 „ 

8. Soft-green sandstone ... * ... ... 4 * 

2. Black shaly and ferruginous sandy beds ... ... 4 „ 


• Dr. Oldham’s Memo. “ Jttaswl B mowcm, Balt Em#*, ftc„” previously noticed, 
t Visited by Dr. Waagen and myself together and separately. This section is taken 
chiefly from the notes of the former, as they are more detailed than my own. 
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1. Hard thick -bedded calcareous sandstone full of fossils, 
Belsrophon, Prodmcto, Ftutdino, do., Ac. 

More beds of the same group (P) concealed below by a 
talus. 


41 ft. (and upwards.) 


From the month of the Nilawin ravine westward stretches the lofty 

Verdin scarp. but greatly concealed Ver&la scarp In the upper 

portion of this hardly any rook can be pronounced 
in situ among the masses of debris, but lower down, here and there, small 
exposures of the red marl, purple sandstone, and next overlying groups 
occur. Where seen, the rocks appear to have been much affected by dis- 
location, some of the fractures being probably oonnected with the large 
and fine springs of fresh water beneath the escarpment, called the Verdla 
Chashma. Just above these, a portion of the limestone of the plateau 
has sunk along two small parallel north-north-west faults, through which 
water percolating and arrested by shaly beds below, might easily burst 
from the escarpment in the form of springs. In the neighbourhood of 
these springs many of the fragments are of sandy limestone, full of 
Fusuhnce, Spirifers, Crinoid rings, and other carboniferous fossils, the 
parent beds of which doubtless exist in the escarpment, and from the 
quantity of the debris would appear to form a strong baud. 


Along a track leading obliquely up the escarpment from the Verfila 
_ _ A escarpment to Pail, the dark shaly silurian zone 

musk to Fiui« 

is exposed, and is seen still fully 100 feet in 
thickness in the face of some fine cliffs to the westward. The beds are 
micaceous, and more sandy and elunchy than in the east, and they con- 
tain conglomeratic bands with pebbles of crystalline rock. Many of the 
flaggy and thin sandstones are whitish and speckled, their surfaces being 
covered with ripple-marks and tracks like those of Annelids. 


In this neighbourhood, both the purple sandstones below and the 
speckled sandstones immediately above the silurian beds are largely 
developed^and of more than usual thickness. Further up the track, 
near the pass leading on to the plateau, the carboniferous beds 
show themselves in the escarpment to the right of the road, with a 

( I* ) 
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thickness of about 150 feet. The Futulina hand here has a thickness 
of 12 feet, and overlies some 80 feet of sandy, massive calcareous 
beds. All the beds within reach of examination here were of very 
sandy limestone ; soft, shaly beds were seen to overlie these, just 
beneath the nummulitic limestones, but none of the coal shales were 
visible. 

From the crest of this pass towards Pail the path lies through a flat, 
narrow valley at about the level of the top beds of the carboniferous 
grotip ; two similar little valleys running off to the west-south-west, and 
the whole being closed in by considerable hills of undulating nummuli- 
tic limestone. 

The interval between the Nurpur plateau and the commencement 
Pail-part «f plateau ^e Sdn country near Ch&mil may be considered 
cmmtry. as an extension of either, or a sort of lower step 

between the two. 

After descending from the Nurpur country over an escarpment of the 
nummulitic limestone, the flat, cultivated, long and 
N6rpnr ‘ narrow valley of Badr&r is entered, extending in a 

north-easterly direction towards V&sn&l. At the Bs dr &r end the valley is 
divided into two by some hills of contorted nummulitic limestone, and 
between that village and Dheri the red gypseous salt-marl forms rounded 
hillocky ground, without any of the intervening rooks between it and the 
nummulitic limestone on one side ; but on the other, just below the escarp- 
ment, some rolling beds of the speckled sandstone group are seen. The 
dislocations which produced this exposure in such a place must have been 
both large and complicated, but unfortunately the cultivated flat ground 
renders it impossible to trace them, or to say which are the rocks in 
contact with the salt-marl. On one side the nummulitic limestone is 
steady, dipping at a low angle to the south-east ; on the other it is 
considerably contorted, so as to suggest the existence of a line or lines 
of fracture, coinciding with the long valley stretching towards Visnfil, 
and meeting other faults intersecting the main fraoture between Dheri 
and Pail. 

( iw ) 
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Vfcnfl. 


At the north-eastern end of this valley there is abundant evidence of 
faulting, and the ground is greatly broken. One 
fracture coinciding with the direction of the valley 
forms the boundary line between the nummulitic limestone and the tertiary 
sandstones for a distance of nearly three miles. This fault crosses the 
mouth of the strange little oval valley of V£sn£l, surroun*#d by high cliffil 
and broken hills of the nummulitic limestone; and occupied within by a 
mass of the red salt-marl, through which deep gullies and ravines lead 
out of the valley, beneath the high and conspicuous limestone peak of 
Tirw&r. At the south-west corner of the valley only are there a few 
ledges of purple and speckled sandstone seen, linking the marl with its 
proper associates, and these appear to be, like the marl itself, cat off 
everywhere around the exposure by faults. 


Salt marl. 


The whole of the marl seen here is little less than a mile in length, 
and rather more than a quarter of a mile wide, so 
that it has an area of about a quarter of a square 
mile. No good salt beds are known to occur here, but in one place 
an impure saline portion of the marl is 30 feet thick. A strong fresh 
stream which traverses the marl, after rain, is said to become saline. 
Any appearance resembling stratification seen in the salt-marl is 
nearly horizontal, but the limestone surrounding the marl, though also 
generally horizontally bedded, is in some places a good deal disturbed. 

Tir war Fa alt 



rtf. S4— Batten um Vfc&Al nlkf. 
LMtaurf. ILBoamuttUaMtaat. 11. Tvttarri 


In one or two ipoti the debris of some aoftsbaly beds is 
with some broken portions of tbs bods shore the sett marl, but hardly 
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in a recognisable state. The lower part of the nummulitic limestone 
is as usnal nodular and lumpy, and among its upper beds about Vdsnfil 
village are some peculiar, vesicular, ferruginous, and Blaggy-looking 
layers ; pink, compact, and red-veined limestone bands also occur. 

The nummulitic limestone on the north-western side of the little 
valley is quite cut out, under Tirwdr peak at the mouth of the glen, by 
one or other of the faults between which this limestone occurs, and the 
bedding both here and along the face of the peak is much disturbed, 
being in places quite vertical. The tertiary sandstones outside are in- 
clined sharply along the fault, but at a little distance assume their usual 
low northerly dip ; the lower part of this group being as usual succeeded 
by the red clay zone and other overlying beds. 

Towards J&ba to the west-south-west, the dip of the tertiary sand- 
stones is low, becoming more nearly horizontal 
Bocks of PaU country. ^ the table-land about Pail is reached. The slop- 
ing beds rise to this table-land forming a well marked escarpment north- 
wards, overlooking the limestone ground. The basal sandstones are very 
commonly greenish, and red earthy bands rarely occur. Northwards of 
Badr&r the nummulitic limestones form a hroad dome-shaped mass, dipping 
in all directions ; but south-west of this, and north of Pail, the countiy is 
a wide level plain, bounded towards the S6n district by one of those long 
narrow straight valleys in the nummulitic limestone, which look so 
much as if they had been excavated upon lines of fault. This valley 
strikes to the north-north-west, and immediately beyond it, the tertiary 
sandstones encroach still further upon the plateau ground, and form a 
mass of horizontally stratified hills. 

CloBe to Pail a fault, running a little to the east of north certainly 
occurs ; for some of the tertiary sandstones form- 
* ' mg a low ridge, dip towards the carboniferous 

limestones, which form the northern face of the hills, rising imme- 
diately south of the village. Here the carboniferous group has already 
increased much, the slope of the hills showing a thickness of at 
least 950 feet of ferruginous, magnesian, and sandy limestones, dipping 
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south-south-east at 20° and 25°, and the upper beds containing numerous 
specimens of Spirifera and other carboniferous fossils. These beds are 
overlaid by the nummulitic limestone with a few intervening sandy 
and shaly layers, some of which may possibly represent the #f olive group/' 
or cretaceous beds of the Nilawfa ravine. The nummulitic beds ar C at 
first parallel with the carboniferous, but soon undulate, and on the 
southern side of the hill, where they form an escarpment, dip to the 
northward by west. 

From the summit of this hill the complicated structure of the 
structure of country surrounding country can be seen to advantage, 
seen to north. Northwards is the flat cultivated plain, bounded 

by the tertiary sandstone escarpment ; to the left low undulations of 
the nummulitic limestone rise gradually from the flat to the margin of 
the long valley previously mentioned ; to the right are swelling hills 
of the same limestone, and the complications about Badrrfr and Dheri 
(where the salt-marl appears) divided from the Pail hill by cultivated 
tracts of low ground ; while the carboniferous group of this hill itself 
is covered by nummulitic limestone, and cut off to the west by a fault 
bringing it against tertiary sandstones. The closer relations of the 
carboniferous group must be connected with dislocation, but they are 
concealed by the earthy deposits of the plain below. 

Looking southward, another nummulitic limestone hill, covered by 
To Bouth "sonhetta" ( Dodonaa fiurmanniana) jungle is 

seen, divided from thA Pail hill by a deep narrow 
valley, and by a similar valley from yet another, still further south, the 
Biedt hill, composed of the same limestone, which also caps the cliffs 
westward of the Ver&la scarp. Both of these hills are formed of 
undulating and nearly horizontal beds, from which they receive a 
tabular appearance. To the left hand are the long escarpment lipea 
of the Ndrpur plateau, and on the right, nearly in front, a deep open 
gorge oi* ravine leading down to the southern plains, from the right 
hand side of which rises the bold escarpment of the Ghftmil nummulitic 
limestone. 


( I" ) 
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At the head of this gorge the beds are all much broken and slipped, 
Ravine i«utin g to an ^ there 316 Big™ of water having been dammed 
Katta> up, in some black clays and whitish calcareous 

sandy beds containing sub-recent marsh shells. Further down, the car- 
boniferous beds protrude from the debris at the foot of the nummulitic 
cliffs, being still sandy, ferruginous, and calcareous, the most sandy beds 
occurring at the top and bottom of the exposure. On the talus beneath 
the cliffs, some dark, gypseous, shaly and hamatitic masses indicate the 
presence of the coaly shales near the base of the nummulitic series. 

Ledges of the “ speckled sandstone ” (No. 5) project from beneath 
the carboniferous group, and the greenish and dark micaceous silurian 
zone appearing under these speckled sandstones, shows white saline 
efflorescence ; it has still a thickness of a hundred feet or somewhat more. 
The purple sandstones come out from below this zone, and the section 
terminates below, as usual, with the red gypseous marl. 

From the situation of the latter group at the west or Cha.mil side 
of the glen, and the partial absence of the “ purple sandstone," it would 
seem that the Pail fault is continued in this direction. There is also a 
decided appearance of another fault at right angles to this, crossing the 
middle of the glen and running eastwards up a deep ravine, so as to 
bring the lower part of the local series against the red marl. 

Near the mouth of the glen the arrangement of the lower rocks 
is complicated, either by faulting or slips, or both; a mass of the 
"purple sandstones" being let into the marl longitudinally in the middle 
of the ravine. The hill rising above the left bank of this ravine exposes 
nw ^ the month of the whole local section from the red salt marl up to 
****** the nummulitic limestone, including groups 1, 2, 8, 

5, 6, 10 and 11 ; but these are - much confused by landslips, particularly 
on the south or outer side of the hill. 

The ground to the right slopes much more gradually southwards 
West of the month of towards the plains from Ch&mil scarp, and is 
****** greatly concealed by masses of coarse debris, very 
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much of which comes from carboniferous rocks. The u purple sand* 
stones ” are seen in gullies, and further up the “ speckled sandstones " 
crop out ; but close to the scarp there is but little seen of the carboni- 
ferous and overlying* beds till the nummulitic lines tone, thick 2nd 
massive, rises in bold cliffs to the edge of the plateau abc»*\ 

Section X. — S6n Plateau. 

The S6n Sakesar plateau the largest and broadest in the whole 
ran»e: it includes the country about Ch&mil, 

Situation. ° J 3 

Sodhi, the hilly tract near the latter place, to 
the southward, and the larger area, chiefly occupied by the carboni- 
ferous limestone, between the southern escarpment of the range and the 
S6n valley proper. The principal place within the plateau is Naoshera, 
nearly in the centre. The table-land possesses this peculiarity, that 
while the northern half presents the greatest sameness and simplicity of 
geological structure (if the formation of the lake basins be excepted), 
the southern side, particularly beneath the escarpment, is one of the 
most complicated tracts in the whole range, owing to the heterogeneous 
disposition of the groups by reason of dislocation, land slips, contortions, 
and erosion. 

For 26 miles westward from the Pail country last described, the 
Tertiary umdatones and same relations prevail between the tertiary sand- 
nummulitic limestone. B tones and shales and the underlying nummu- 
litic limestone. Within this distance the whole border of the Potwtfr 
plateau rises gradually, and throughout most of it the plateau of the 
range and that to the north are separated by a less marked and less 
abrupt declivity than usual. 

The tertiary sandstone ground being high, its excavation, where 
formed of the softer sandstones, &c., into gullies, ravines, and kkud~ 
dera , has % necessarily been extreme; this khuddera ground always 
ending at the boundary of the nummulitic limestone. About J&ba 
where the softer beds encroach upon the limestone, more or less hori- 
zontality of stratification obtains; but further west, steeper, yet still 
b 2 ( 201 ) 
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gentle, northerly inclinations at angles of 15°, 20°, and 30° carry the 
lower beds of the sandstone, &c., from the flanks of a long anticlinal 
of the nummulitic limestone, beneath the red, shaly, and clayey, tertiary 
band, above which the grey sandstones and orange clays of the next 
portion of that series constantly occur. 

In the J&ba country the lower sandstones are very often of a greenish 
or grey colour and thick-bedded, sometimes pebbly, and with but few red 
bands. Calcareous pseudo-conglomerates occur, also a few beds of greyish 
shale, and some concretionary beds, from which the small nodules weather 
out and strew the ground. The same characteristics, with slight and 
local variation, extend everywhere throughout the group on the northern 
flanks of the range. 

Either in the nummulitic limestone at the base of the sandstones, 
or in the lower 30 feet of the latter, traces of 

Rock-tar. 

petroleum or rock-tar, in very small quantities, 
are to be found at three or four localities on the northern flanks 
of the S6n plateau. These plaoes are, — three and a half miles north-east 
of Kabaki, two and a half miles north-west of Dhuddhur ; two and 
a half miles north-west of Mardow&l ; and a questionable locality a 
couple of miles east of a salt chowki situated northwards of Sakesar 
mountain.* Petroleum also occurs southward of this mountain in 
an outlying fragment of the sandstone beds. The quantities issuing 
from the rocks are small and worthless as sources of supply, but being 
found both in the uppermost beds of the limestone, and in the lowest 
of the overlying sandstones, the occurrence of this mineral oil may per- 
haps indicate continuity of deposition of these groups, rather than the 
existence of any marked break between them. 

The width of the lower sandstone and clay band is in many places 
greater than usual, but its thickness probably does not average more 
than 1,500 feet.f The red earthy zone above may be rather more than 


• See Report on the Punjab Oil Lands by Mr. B. S. Lyman, pages 43 to 46. 
t Nearly 1,000 feet greater than at the eastern end of the ranee. 
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1,000 feet thick, but its upper and lower limits arre not sharply defined, 
and the orange and grey overlying rocks must be enormously thick, 
extending far into the Potwfir with northerly inclinations. 

The nummulitic limestone has everywhere the same aspect, the 
same prominent light colour, comnact and some- 

Nummulitic. 

times oherty texture above, but is always nodular 
and lumpy below ; soft and nearly between the nodules, and of a warm 
yellowish colour. Its fossils al»o are still the imperfect casts of bivalves, 
large Gastropods, and Echincderms and Nummulites throughout. It 
extends everywhere ove' the northern half of the plateau with a most 
irregular southern boundary, and occuvs also as outlying masses. 

The increased contortion of the beds in this portion of the range 
becomes apparent even on the plateau, where the nummulitic beds 
roll along numerous east and west anticlinal axes, in bold, open or closer 
curves, which very generally coincide with the features of the ground, 
and sometimes form considerable hills. 

The country which exhibits most of this north and south compression 
is that around Sodhi. Along the valley of the Nursingphodr river and 
to the south, for some distance, a long rugged hilly strip of nummulitic 
rocks similarly contorted stretches from this Sodhi vicinity toward? 
Sakesar, roughly dividing the plateau into nearly equal parts ; while on 
the northern side of the table-land the limestone beds roll up in a great 
wave, some two miles wide, and then turning over to the northward,* 
rapidly disappear beneath the sandstone series. 

The southern edge of the nummulitic limestone usually forma a 
bold escarpment with a gentle northerly inelination for some distance, 
and, unlike the Nurpur plateau, the northern side of this S6n plateau is 
rather lower than the south, as a general rule. Numerous large and 
small outliers of the nummulitic rocks, frequently connected with dislo- 
cation, Ae to be found beyond its general southern escarpment, whieh 
maintains a very irregularly indented east and west direction. 

( 203 ) 
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At the western end of the plateau the nummulitic limestone beds rise 
rapidly with the broad anticlinal wave on the Potwdr side, and form the 
summit and steeper acclivities of Sakesar mountain. Its thickness over 
the whole plateau may average 500 feet. 

South of the east-and-west dividing ridge, and extending further 
westward than the S6n country, is a wide, elevated, 

Carboniferous. 

and greatly undulating tract,* formed chiefly of 
the carboniferous limestone, which has here its largest exposure. Deep 
valleys and ravines intersect this ground, all leading out upon the 
plains to the south, and all of them showing more or less perfectly the 
succession of the underlying rocks. 

In this country two new groups enter the series, and two which have 
continued hitherto from the east disappear. The 

TriasBic and Jura. 

first which dies out is the cretaceous or olive 
group/'t then the dark shaly silurian band. Within two and a half 
miles or so of the place where the former disappears, the triassic beds 
begin to show themselves, and ten miles further westward, these are 
overlaid by the commencement of the jurassic group, the only one 
wanting to make up the full number of the Salt Range sub-divisions 
and formations. 

Near where the valley from Pail towards Katta opens on the plain, 

„ . , but a little to the westward, is the mouth of the 

Nursmgphoar. 

Nursingpho&r defile, a deep cut, through which 
‘the stream from Sodhi escapes. Down in the bottom of this gorge, and 
a mile or more from the mouth of it, the red salt-marl appears, but is so 
slightly saline as not to render the water of the stream unfit for drinking. 
The groups above the marl are seen on both sides of the glen, first the 
“ purple sandstone,” lighter coloured at top ; then the dark shaly Silu- 
rian band, here about 80 feet in thickness, or rather more. Group 

• The “FatUl hills.” 

f Borne beds doubtfully representing this group occur far to tho westward at one spot, 
on the Katwahi road to Bhdhpur. 
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No. 4 is no longer present. The coarse and often conglomeratic 
sandstones of group No. 5 are strongly developed and overlaid by 
nearly 180 feet of the upper lavender-coloured clays, the whole group 
considerably exceeding 800 feet. Above this is No. 6, the carboniferous 
group, limestones, &c., quite 800 feet or more thick, and the nummulitic 
limestones as usual form the high cliffs of the esoarpip°nts, having a 
thickness of about 800 feet also. A considerable fault extends along the 
Fftult glen and turns with it above Nursingphodr. This 

fault has displaced a portion of the northern side 
of an east-and-west anticlinal curve, formed by the groups Nos. 2, 8 
and 4, in the cliffs opposite to the Pir — a sacred and picturesque 
locality where there are fine springs overlooked by some Fakirs’ residence 
and temple perched upon a ledge more than naif way up the cliffs. 


On the left side of the glen the stream from the Ch&mil part of 

„ , , , . the 'plateau falls over the lofty vertical limestone 

Coal shales, &c. r 

cliffs of the escarpment into a small rock-basin, 
the sides of which expose a section in the basal beds of the nummulitic 
group (fig. 35, Plate XXI). The readings of the aneroid barometer 
(uncorrected for temperature), indicated a difference in elevation between 
the basin and the cliff-edge above of more than 500 feet, most of this 
being made up of the following section : — ■* 


Nummulitic 


4 


Ft. In Ft In. 

"Compact nummulitic limestone in two bands ... 200 O 

A thin shaly band ... ... ... 10 O 

Thick limestone ... ... ... ... 26 O 

Earthy, thin -bedded, lumpy, and shaly limestone ... 60 O 

288 O 

Black shales, part sandy, with a few coaly layers below 20 O 
Sandy and shaly beds of dark or ferruginous colour, with 


pyrites ... ... ... ... 8 O 

Goal from 6 inches to a foot ... ... O 9 

Black sandy bed, carbonaoeous and pyritous ... 1 6 

Black shales ... ... ... ... 2 O 

J0t*l ... ... ... ... ... O 0 


• Part of this section also appears in Dr. Oldham's paper, " On the Mineral Resources 
of the Salt Range, Bannu and Eohit districts f previously noticed. 
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NuinfiTLinc,— 

(co nti n u e d .) 


CARBOyimOPB.. 


Ft. In. Ft. In. 


fBlack, sandy, and lumpy shales, ferruginous and 


pyritous 

... 7 

6 

Blaek shales, friable 

... 8 

6 

Hard calcareous sandstone ... 

... 2 

6 

Dark shales 

... 8 

0 

Hard calcareous sandstone ... 

... 1 

0 

Sandy shale 

... 3 

0 

— 63 3 

Lumpy dark-coloured limestone ; Rummulite* 

... 46 

0 

— 

— 46 0 

r Greenish-grey calcareous sandstone 

... 35 

0 

V Ferruginous calcareous beds ... 

... 16 

0 

< Grey limestone ... 

... 46 

0 


Calcareous beds with three beds of block shale, the 

thickest 3 feet ... ... ... 20 0 

115 0 


The uppermost part of the greenish-grey calcareous sandstones may 
represent the cretaceous series, but there is nothing here to warrant their 
separation from the strata beneath them. Other rocks of the carboni- 
ferous formation project below those of the above list, and the speckled 
sandstone group could be seen from above ; but the cliffs formed by the 
lower part of the series were too precipitous to descend to the place 
of its exposure. 


Further to the west and still on the left side of the ravine below the 

Further into the defile. ^mple Nursingphokr, the following section was 
noted by Dr. Waagen : — 


Ffc. 

"Part of the strong nummulitic limestone ... ... 60 

Yellow calcareous marl and marly limestone ... 60 

Grayish-yellow marls with numerous Nummulitu, also Fuaua 
and other fossils ... ... ... ... 16 

Kinanm®. " Stack «*** W 

Brown sandstone with small JSfnmmuliUa ... 2 to 3 

Variegated sandstones with interlaminated shales, also varie- 
gated ... ... ... ... ... 15 


Cbkaosdvs 



Brownish-yellow limestones and calcareous marly beds with 
TiebrotMl* Flomingii, Oatrea , and Eohinids 
Hematite, partly changing into pisolitic iron ore 


( 206 ) 


20 

10 



s6n plateau. 


207 


/ Thin -bedded lime* tone with intercalations of black coaly Vi 
« ] shale; contains many carboniferous fossils. It changes 

j into compact limestone, on the upper surface cavernous ana 
\ corroded ... ... ... 200 

The carboniferous rocks are faulted here, and seen in the stream bed at 
the foot of the cliff. 

Further down the glen on its right-hand side, a stream course enters 

from the west showing a little of the red salt-marl 

Right side of glen. 

and some slipping and crushing of the overlying 
rocks. The purple sandstones here appeared to contain, at the top of the 
group, a 50-feet bed of coarse conglomerate, the pebbles being all of old 
crystalline or metamorphic rocks. The dark, shaly Silurian band is 
much obliquely laminated, contains fine black and white ribband layers 
of sandy shale with h&matitic nodules and some sandstone bauds, the 
whole group having a greenish aspect. Thick and thin bedded speckled 
sandstones succeed, and are overlaid, first by the carboniferous and then 
by the nummulitic group stretching along the glen side np towards 
Nursingphofir. On this side of the glen, just after passing the gap 
through which the river crosses the “ purple sandstone,” Dr. Waagen found 
greenish thin-bedded soft sandstones, partly coaly, with a thick band of 
conglomerate of crystalline pebbles, the group being about 50 feet in 
thickness, and most probably the same as that just now notioed. Above 
this succeeded a great mass of thin-bedded reddish sandstones and 
red shales, over which came about 100 feet of lavender clay, with 
sandstone and marlstone layers. In its upper part this lavender elay 
became coaly and black, and was overlaid by yellow and grey sandstones 
with Bellefophon, productus, Ac., of the carboniferous group. The laven- 
der days, hitherto very thick at the top of the “ speckled and reddish 
sandstone ” series, here begin to grow thinner, bat they are often subject 
to local variation in this respect, 
i 

Further np the stream than Nnmiagpho&r, and just whom it ^ 
from west to soath-east, the fault is seen bringing 
the nummulitic sod carboniferous bedsdisoordantly 
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together; the former only slightly fossiliferous, but containing in 
places numbers of globular Foraminifera, of about the size of peas, 
and the latter group being varied a good deal along the oblique line 
of fault at the contact with the newer rock. 


Vurinui/i^ twMftorw 



Fig. 36.— Diagramatic Motion, Nuntagphoir Tilley. 

At this place there are some slight traces of the black coaly shales 
beneath the nummulitic limestone, while just across the fault crinoidal 
carboniferous limestone is seen. On the opposite bank of the stream 
some ferruginous beds dip steeply (at 75°) towards the high ground 
above, and are overlaid by two black shaly layers of about a foot each, 
separated by two feet of sandy limestone. Over these are 20 feet of 
greenish shales, succeeded by 80 feet of purple and white shaly beds, 
above which come greenish, arenaceous, and argillaceous limestones, the 
ordinary grey, or bluish, compact, thick carboniferous limestone over* 
lying the whole and passing beneath the talus at the foot of the num- 
mulitic limestones which cap the hill. 

Somewhat further up the stream, the nummulitic limestone forms the 
„ „ left bank, and on the southern side of the glen 

white carboniferous, crinoidal limestone dips at a 
very high angle under a quantity of purple clays, alternating three times 
in the upper fifty feet with greenish sandy beds. A few hundred yards 
further, on the same side of the stream, the carboniferous group is 
formed of 180 to 200 feet of pale pinkish-white sandstones with cal- 
careous beds, containing in the upper part some carbonaceous and mica- 
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ceouB black shaly layers, and near (be top a purple day band. In lie 
sandy limestone-layers crinoid fragments aad numbers of snudl ifr ya iHe j e 
occur, while in the river bed are fallen masses of greenish weathered, eal- 
careous Spiri/er-Bandstoaee, and sandy beds with large annelid trashs. 
Still further the stream the fault crosses it, cutting out the carboni- 
ferous beds obliquely in the hill side to the south, and the riser rims 
between steep nummulitic limestone cliffii, exhibiting much cradling and 
disturbance, the beds being tamed upwards towards the fault and dipping 
at angles as high as 50 s from the northern flanks of the hills. The same 
limestone forms the country as far tse Sodhi,* and it extends muoh 
g ^ i . beyond this place. Quantities of calcareous tufa 

fill the gorge southward of the Sodhi bungalow. 

At about a mile to the westward of the Upper Katta village, which is 
situated opposite to the mouth of the Naming- 

Kflttfta 

pho&r gorge, there is a considerable salt-spring, 
conspicuous from a distance, on account of the quantity of calcareous 
tufa which it has deposited. It issues from the “ purple sandstone/', of 
which there is rather less than usual here, and the spring seems to 
come from the lower part of thiB formation, purple marly and shaly layers 
being seen in the vicinity • 

On the hill above tins spring the following section is seen (taken 
from Dr. Waagen's notes), the "olive group" or cretaceous beds being 
no longer present 


1.— Nrannratfso... Hon m a Ut to Ummtom* capping the hill 
1^0**.— Upper sufsoe of 
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Feet. 

"Compact carboniferous limestone ... ... 60 

Grey sandy matfs, Bellsrophon, Ac. ... ... 8 

Thln-bedded grey limestone with marly intercalations ... 8 

Rusty dolomitic limestones ... ... ... 60 

R^rd grey sandstone with Putulina, Spirifer and Pro- 

^ dmotus epinonu ... ... 6 to 10 

1 ‘ Thick, soft yellow sandstones, fossils in places numerous, 

Fusulina, Product**, Ac. ... ... ... 26 

Reddish nodular Bandstone ... ... ... 8' 

Black coaly sandy shale ... 10 to 12 

Yellow sandstone with many fish-remains and Spirifer a... 10 
^Greenish sandy shales ... ... 6 

About ... 196 


f Lavender clay with numerous irregular bands of grey 
6. — SmozLSD J snarls tone changing do wu wards into ... ... 60 

SAHDBTONK. J Red sandstones with many alterations of red marl or 

\ earthy bands ... ... ... ... 60 

100 


B.— Dabk shalt C Green sandstones and Skales. in places numerous pebbles 

^ oinL t of metemorphic rooks ... 60 to 100 

2.— PUBYLB BAHDSTOJTB ... ... ... ... 200 


There appear to be (doubtfully) two h&matitic bands in the country 
Doubtfully two hereabouts, one above the carboniferous and 


of haunatfte. another at the base of the nummulitio series, but 

hoth. are rarely present together ; and where fragments only of one of 
them are seen, it is difficult to refer them to their proper place ; besides, 
the vertical distance between the two being small, one might be taken for 
the other* 


The lavender clays of the speckled sandstone group are of irregular 
thickness^ some .sections showing them, as above. 
Speckled md* tow. only SO oar even 80 feet thick, while others expose 

them with a depth of ver^Mek more than 100 feet. The sandstones 
ef the same group are aoi&ttA conglomeratic, sometimes not, and ana 
generally much more devel^H^pe their representatives in the motion 
( MO ) 
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given above. The greenish sandstone and shaly zone No 8 appears 
to pass into the light-coloured top beds of the purple sandstone, and 
has lost all the characters which in its upper part to the eastward 
indicate the last extension of group No. 4. 

In the carboniferous group, which has here aiasomed considerable 
proportions, the thickness of different very distinguishable zones varies 
much, the strong limestone bands of some places appearing of much greater 
thickness than in others. These strong bands are often chorty or crin- 
oidal, and vary from thin -bedded or lumpy to thick solid limestone; 
the associated greenish, variegated, pale pink, coause, or ferruginous 
sandstones are evidently inconstant both in place and character. 


A great mass of the nummulitic limestone has slipped down the 
cliff on the south-western side of this Katta hill, and 

Slip. 

on the spurs below the “ purple" and " speckled" 
sandstone groups are seen divided by the shaly zone No. 3, a little of 
the red salt-marl appearing here and there below all in the smaller glens. 


Other slips occur in the deep limestone valley west of Ardra, and 
among the debris lying heavily at the base of 
its enclosing cliffs. There are one or two small 
slipped exposures of the coaly scales below the nummulitio rocks j two 
thin coal seams occur in these. The group beneath the carboniferous 
does not run far up this glen, but holds on westward into the northern 
side of the Sangal W&n* greatly covered with debris and obscured by 
land-slips along the cliffs : all the larger local groups are, however, seen* 


Sings! Win Tilley. 


In the Sangal Wdn, west of Katta, there is evidence of both 
disturbance and dislocation. On its left side 
the purple sandstone and superior groups dhow' 
themselves, but on the right, at its mouth, is a mass of white, 
splintery, compact carboniferous limestone, forming a horizontally bedded 


• Th*e awpns to be nther i eonftubm of ideas se to where the Sangal (orBoagU) 
Win really is. Its name is no p marked upon the inapt and the glen so sailed by nattCW SC 
the eoonfay k not that west of hot an eaet-end-weet gorge nearly two aflat Mlhei 
NAIL 
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oBff 85 feet high. The beds soon begin to undulate, and some of the 
underlying speckled and red sandstones are placed by slips or faulting 
among the limestones. Further on along the north side of the Wdn 
or glen, the lavender clay beds of the speckled sandstone group 
predominate, grey clays and ferruginous bands with white efflor- 
escences appeasing among them. At one spot the dark greenish dialy 
silurian zone is only 20 feet thick, the overlying “ speckled 
sandstones” having an apparent thickness of only 40 or 50 feet. The 
hard sandy beds of the carboniferous group are seen in the little 
amphitheatre at the head of the glen, beneath lofty nummulitic lime- ( 
stone cliffs, the bedding of which rises rapidly towards the Kanda- 
w61a peak, and the carboniferous rocks also cover the high ground 
between this and N61i. They are white, grey, thin and thick bedded 
limestone, with many strong beds of fossiliferous, drab, earthy and sandy 
calcareous rooks, separated by shale partings. The Fusulina here occur 
in grey compact limes toifb far down in the group, and also in more 
sandy beds at a still lower horizon. The “ speckled sandstone” group 
below these limestones is more shaly than usual, earthy bands predomi- 
nating in its upper part, and occurring again within 30 feet of its base. 
On tiie side of the hill over N&li this group (No. 5) has a thickness of 
150 to 200 feet, and is surmounted by an escarpment-cliff of carboni- 
ferous limestone, much acted upon by the weather, as is shown by a 
poised fragment 15 feet in height, which has been gradually separ- 
ated from the cliff by atmospheric waste. 



< *w ) 


Fif 37 — qg|ftftoed nun on limeotcai ottff, NAM 




geological bor.vcv of india 


Wynne. 5a.HRan.ge 


K/l einon a Val a!/ F lute XX.1I. 




sdN PLATEAU. 


213 


The hill side, from the speckled sandstone outcrop downwards, is 
covered with debris in places, and when it is 
steeper, the rocks are found displaced, a dyke- 
like mass of the red marl being? enolosed by parts of the purple sand- 
stone on each side. Westward of this village of N£!i much confusion 
prevails on account of this dislocation. A talus of debris conceals all 
the beds immediately below the nummulitic limestone, ezoept a band of 
white friable sandstone 20 feet in thickness ; while about 80 feet of 
decaying brown sandstone below this slope is probably the highest part 
of the carboniferous group. This latter group and the speckled sand- 
stones beneath have here an estimated thickness of 300 feet each. 


Warru Kuos 


Not only are the rocks disturbed by si -pping, but they are affected 
by a strong though local anticlinal curvature, the 
axis of which appears to coincide with a line of 
fault or other dislocation in the Warru Kuss, three miles west-by-south 
from Ndli. At the north of this kuss or ravine the beds are much 
dislocated, and a narrow strip of the red marl con- 
Salt. tains in its upper part several beds of salt, dipping 

north-20°-west at 50°. 


The volcafiic-looking, lavender, ashy clay of the Nilaw&n ravine, &c., 
re-appears here as a band of a few feet, just in the red marl beneath the 
purple sandstone group. 

The Balt is much exposed at some height in the banks of the ravine ; 
it is of good quality, and some 114 feet in thickness ; much of it occurs 
“at daylight," but the old mines have not been opened since the 
commencement of the English rule. 


This Warru glen has been excavated, like the larger ones of Sardi 
Anticlinal and fault and Nilawdn, along the axis of the local anticlinal, 
Qr riip * and this nearly coincides with a line of slip or 

fault along the northern slope of the glen (see fig. 38, FI. XXII). 

The Uppermost 59 to 80 feet of Hie purple sandstone is here quite 
light-oolouied and massive, and a thin represent- 
attre of the silurian shaly zone continues to 

( m ,) 
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appear above it. The speckled sandstone group (No. 5) is conglomeratic, 
06fetaining also earthy beds both above and below, and there is a regular 
transition upwards from its variegated and dark grey clays (here 180 
feet thick), through 100 feet of black sandy shale, with hard muddy, 
thin, calcareous and cherty bands, into the limestones of the carbon- 
iferous group. At the head of the ravine this limestone forms a surface 
wild and broken by small cliffs, crags and escarpments. The nummulitio 
limestone generally rises above the carboniferous in long scarps with 
outlying portions here and there. 


On the sides of these outliers towards the plains, masses of the car- 
boniferous limestones still occur, shaken and 
Country about Morab. jj^tly out 0 f place. Between these masses the 

red sandstone group No. 5 is seen predominating towards the escarpment 
and supporting large slipped fragments and outliers of the limestone. 
Above the village of Morah in the broken limestone ground, the car- 
boniferous limestones are often fossiliferous, the weathered state of the 
beds enabling numbers of Mkynchonella, small Terebratula , and other 
Brachiopoda to be collected, as well as many corals ; certain white lime- 
stones being crowded with Lithoitrotion • 


Among the carboniferous fossils found here (and in oth&r places also) 
there occurs a peculiar form with a large flattish 

Peculiar fa— iL 

palmate structure, having on one side a well-defined 
midrib, from which smaller deeply separated ribs diverge in opposite 
directions, sometimes at right angles, sometimes more obliquely plaoed. 
What this fossil is has not been discovered, but there is a similarity in 
some small curved specimens to internal casts of Jieleropho * decipien s, 
DeKonink. 


A great boulder conglomerate of crystalline blocks ooeuht here just 
above the now greenish shales of the silurian zone, and bands of light 
grey sandstone occur in the lower part of the purple group No. % 


Between Morah and the gb&t (or ascent) on the road from Shibpur 


(Ww — lied of 


to Sakesar, the escarpment of the hills is greatly 
broken* The speckled sandstones occur in force, 


( *U ) 



s6n plateau. 


215 


but the shaly zone No. 8 is very inconsiderable. The upper part of the 
carboniferous limestones are sandy, containing numbers of Ptoducti, 
and there are fully 80 feet of sandy, calcareous, rusty and earthy beds 
overlying these and beneath the shaly base of the nummulitic series. 
A cliff of the carboniferous limestone measures 230 *At, although it 
includes only a part of the group, which may be altogether over 600 feet 
in thickness. The speckled sandstones are some 850 feet thick, and the 
purple sandstone group below, 300. The greenish shaly band between 
these two is scarcely 20 feet in thickness. 


The salt-marl is seen at the foot of the hills, its relations being 
much confused by slipping of the next overling beds ; and in one deep 
ravine or buss to the east of the Sakesar road it contains the hard 
dolomitic layers found with the gypsum at Khewra, and here studded 
with nests of iron pyrites. 

On the ascent from the plains to Katw&hi the “ red marl," “ purple 
sandstone," fr speckled sandstone," carboniferous 
limestone, and nummulitic rocks are all seen. 
Land-slips have occurred, consequently some groups appear thicker than 
they really are. The section at this place over the crest of the pass and 
descending towards Sh&hpur is as follows, taken from Dr. Wa&gen's 
observations and my own : — 


Kund GMt. 



HoAOP 


Nummulitic limestone (part of) ... 

Yellow nummulitic marli 
These change slowly into t — - 

Brown marls with concretions and many torilM—Beloptera (?), Nauti* 
hu, Gattropoda, oorals, and bivalves (cretaceous P) ... ... 

Variegated ferruginous soft sandstone 
Variegated day or shale and gray shales ... 

Band of limestone or herd maristone with maqy fossils — Orbit- 
cliiet (F) or J fnmn m lit ei (?) ... 

Gfcey "Uh tog* spheroidal concretions like the Idee of Lyme 
Begisi nakspar veins 

Grey cavmnons Hma et cm * darkhrown on f ract ur e, filled witii Qrkfr 


Ft In. 
ICO O 
1ft to SO 0 


^Hsmatitic irregdar band 


40 O 
90 S, 
40 O 

O t 

16 O 

* • 
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'Betteropkon sandstone of the carboniferous upper beds, with Zbre* 
f ( bratmla, Frodwti, Gastropods, tubes like DemtaUim^ and small 

fragmentary fish teeth .... 100 0 

.Limestones chiefly ... 200 0 

r Speckled sandstones and soft lavender and red clays, showing two 
°‘ i slips downwards .. ... 800 0 

No. 8. Greenish shaly aone ... 86 0 

No. 2. Purple sandstones 260 0 

No. 1. Bed salt marl 200 to 800 0 

The red marl, in the glen opening on the road from the west, just 
_ - ^ . . where the ascent commences, alternates (unless the 

porpte sandstone and salt appearance is produced by slips) two or three 
times with dark purple bands of exactly the same 
character as the lower part of group No. 2. The rest of the groups 
succeed in their regular order, but on the south side o£ this glen a mass 
of the carboniferous limestone has slipped, or is faulted, so as to conceal 
everything else, and to be in contact with £he red-marl group. About a 
mile and a quarter northwards of the pass are the hamlet and serai of 
Katwahi, situated among hills of carboniferous and 
w 1 nummulitic limestone. Some of the ground about 

the village is either flat or cultivated, so as to cause difficulty in defining 
the boundary lines, one hill being of one limestone, and another of a 
different kind, with here and there small patches of red beds, belonging to 
the group No. 6 below the carboniferous, appearing in an obscure manner. 

Where the road to Sakesar ascends a hill from the immediate vicinity 
. ^ of the serai, some coaly gypseous shales which are 

exposed in the sides of the road-cutting, belong, 
most probably, to the nummulitic limestone which forms the adjacent 
hill. The two higher hills, one to the southward and theothqy east of the 
serai, are both of nummulitic limestone also , but between their beds and 
the underlying carboniferous rocks, some greenish shales and calcareous 
^ bads, containing a few Ceratifa, make their ap- 
pearance } these are some of An earliest traces to 
the eastward of a neyr (tmssio) group which further west always accom- 
panies the carboniferous rooks. 

( «• ) 
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The southern hill is part of a great outlying patch or basin of the 
nummulitic rocks around the escarpment of which the carboniferous 
limestones appear, the two together forming quite inaccessible cliffs some 
hundreds of feet high in a narrow gorge south of Sodhi (or Sothe) and 
south-west of Katw&hi. At the head of this gorge, where it leaves the 
flatter ground between nummulitic limestone hills* there *re the remains 
of a tolerably thick bed of purple gypseous clay associated with sandstone 
layers and blackish shales. The gypsum or Belenite is in clear plates, 
and the beds are probably a fragmentary portion of the upper part of 
the speckled sandstone group brought into this position by concealed' 
faults. 

The hills to the eastward are partly formed of carboniferous limestone 

and partly of an extension of the main mass of the 
Hills east of Katwahi. J 

Son nummulitic limestone. At the base the latter 

is hard, grey, compact and lumpy, overlying 15 feet of white powdery 
sandstone. A small band of Bhales occurs below, and under these the 
hematitic clay bed which is often found near the base of this series. The 
layer is here 5 feet in thickness, hue is always rather irregular, and 
in this neighbourhood sometimes entirely absent. Below the hematite 
are dark and light grey triassic shales, with some gypsum and ferru- 
ginous nodules and bands, the whole being 20 feet thick. Near these, 
and apparently coming from beneath them, is strong crinoidal lime- 
stone of the carboniferous group, weathering quite red, overlying a 
mass of the compact fossiliferons limestones of this group. In a little 
valley between two carboniferous limestone hills here, and leading 
down to the Katw&hi stream, dose to the village, there is a green 
and red soft shaly band near the top of the speckled sandstones, 
without the usual quantity of lavender or other days that usually inter- 
vene between th&e and the carboniferous group. Some 60 or 80 feet 
of these sandy and red day beds of group No. 5 are visible, but arc 
obscurely ^exposed. The rest of the hills in this neighbourhood form 
very rugged ground, and the limestone beds are frequently sharply 
contorted, 
n 2 
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KhGra, Katwihi. 


No. 11 .— Num 

mjuTic. 


Between Katwtfhi and the village of Khdra (pronounced Khoora) to 
the north-north-east, there is a small flat plain 
entirely concealing the rocks, but the carboniferous 
limestones rise in abrupt cliffs on its north-west side. Close to the west 
of the village a section is seen of the junction between the triassic 
group and the nummulitic limestone. The rocks dip west of north at 
40° and 20°, and the section is as follows 41, : — 

Feet. 

f Compact nummulitic limestone, Alveolina beds ... 10 

| Precipice 60 to 00 feet high of compact nummulitic 

limestone ... ... ... ... 60 

Soft yellow marls, with Kummulite* ... 00 to 80 

Brown marls, with many corals ... 16 to 20 

Soft yellow sandstones, with Ostrea ... 80 

White and yellow and red variegated soft sandstones, 

with plant fragments, partly covered by debris ... 20 (P) 

Olive calcareous sandstones, with Cornu, small shell 

fragments, and lumpy nodules ... ... 80 

Strong ferruginous soft sandstones ... ... 40 

Greenish and grey shales, variegated, red, yellow and 

blue at top; Ceratitoa ... ... 20 to 80 

No. • Ceratiie limestone ... ... 8 to 4 

..Yellow sandy calcareous beds, with Bhynchonella ... 5 

Brown dolomite, like that at Pail ... ... 8 

Grey and greenish calcareous and micaceous sandstone, 
with limestone bands, weathering red in parts and 
containing JBelleropkon, Product us, &c. 90 to 100 

No. 6 . — Cabbov-^ Compact carboniferous limestone very rich in fossils, 

Strophaloiia Moririana, Productui, Athyris, Ac. 60 (P) 

Debris ... ... 

Yellowish red sandstones and brown dolomitic limestones 
like those at Pail 
Gap ... 

No. 6 ... Lavender clay appearing 


It is possible that some of the beds ^>ove included in the nummul- 
itio group may be cretaceous; Conus is found to the eastward in other 
rooks, believed to be of this age; but these, for want of sufficient evidence, 
are not separated here as a different gronp. 

• from Dr. Waagen's and my own observations. 
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Eastward of Khura the nummulitic limestones soon dose in round 
Nummulitic east of the end of the small plain. Northwards, they 
Khfin and to the north, undulate, and at one place on the road to Sodhi 
are not only bent into a sharp carve, but also faulted, some of their 
underlying shaly beds appearing in the side of the road at the steep 
descent leading to the Sodhi valley and bungalow. 


The post-tertiary deposits of the upper part of this Sodhi valley have 

Poet-tertiary congio- 1)6611 alread y alluded to; they are well seen near the 
men >te. junction of the road from Khtfra with the Sodhi 

and Sakesar road; where drab clay and coarse brown, soft, sandstone, 
with limestone pebbles, lying on the south slope of a nummulitic 
limestone hill, dip at so high an angle as 20° to 
south-by-west, and are unconformable to every- 
thing below. The same beds occur again in the country near Naoshera. 


Naoehera. 


Westwards from Khura the upper carboniferous beds and overlying 

trias continue along the indented boundary of 
West of Khiira. * 

the nummulitic rocks, a long narrow promontory 

of which juts out to the east-by-south for about four miles from their 

main mass; small outlying patches also occur. The direction of this 

extension of the newer limestone is almost exactly parallel to a large 

fault running from near Katwtihi to the westward, and bringing the 

carboniferous, the nummulitic, and tertiary sandstone groups into 

abnormal junction. 


From this fault another is supposed to start in a south-westerly 
Kivtfd. direction through some undulating or flat ground 

till it reaches the K£vh£d gorge, down which it 
passes out towards the southern plains. In the flat ground, of course, 
this fault is concealed, but nearer to the gorge nummulitio and carboni- 
ferous rooks are brought against everything lower than the latter. To 
the right of this Kfivhtd ravine the ground is hilly and covered with 
broken masses of carboniferous limestone and the "purple sandstone" is 
seen overlying a large exposure of the salt-miri. On the left-hand side 

( *!• ) 
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of the stream the carboniferous beds, slipped and faulted here and there, 
form abrupt ground .several hundred feet higher than the bottom of the 
glen and are covered by the nummulitic limestone. Further down the 
stream, some of the speckled sandstone beds crop out on its left bank 
beneath the “ carboniferous beds,” while on the opposite side of the stream 
these carboniferous limestones are in junction with the " red marl.” The 
latter ends suddenly, and for some distance the bed of the river is in the 
speckled sandstones, which, with the underlying purple group No. 2, 
diverge to the southward along a slip or fault, and again the carboni- 
ferous beds of the left bank are in discordant junction with “ red marl,” 
" purple sandstone,” and “ speckled sandstones,” while carboniferous lime- 
stones form the most of the right bank and steep hill side above it. These 
groups continue in a most shattered state nearly to the mouth of the 
gorge, where the stream bends to the south and the fault continues 
onwards up the light bank. 

The sketch (fig. 39, PI. XXII) will convey au idea of the lower part 
of this glen, through which it is not often easy to trace the geological 
boundary lines. The ground to the right of the view is almost all of 
carboniferous rocks much displaced, that to the left above is of the same, 
while below are the u speckled” and u purple sandstones” and the "red 
marl” in a most confused state. Old Sikh salt-mines were worked in this 
glen, and some of the compact thinly laminated, dolomitic layers, 
observed elsewhere, recur here in the red marl. 

The escarpment country along the southern face of the hills, between 
Between Kfind ghfct the Kdvhdd ravine and the road from Sh&hpur to 
end KAvhAd glen. Katwdhi, is extremely disturbed, numbers of 

slips having taken place, and the rooks having given way generally 
alAng rough contours of the ground* Great sheets and scarps of the 
bare carboniferous limestone, thrown into curves and basins with various 
dips, form bold difb rising above the broken ground, and lower terraces 
are also covered with decomposing masses of the same rocks displaced; 
while the deeper glens and under-cliffs show various complicated 
arrangements of the "red salt-mail* and the two overlying sandst o ne 
( 229 ) 
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groups. The slips and alternations of the rooks are too confused for 
close description ; much of the ground is covered by debris ohiefly of 
the carboniferous group, projecting from beneath which, isolated por- 
tions of any of the local rooks may be found. 

There is here very commonly a zone of sandy, olive,wncaoeous beds 50 
feet or so in thickness at the base of the carboniferous formation, and 
the strong limestones above may be estimated at 500 feet at 
least, if not more, — the repeated step-cliffs making its depth appear 
much larger than it really is. The lavender and grey clays again form 
a thick band at the top of the “ speckled sandstone 11 group; they are 
gypseous^ and in places contain light olive, micaceous sandstone layers, 
ferruginous beds, and layers of black and grey shale. The thickness 
of this portion of the group varies from 50 to more than 100 feet, 
and the underlying red, white, and speckled sandstones and clays are 
from 250 to 300 feet. Between these and the purple sandstones below 
there is still sometimes an eight-feet greenish shaly zone on the silurian 
horizon ; and in the red marl beneath, thin purple sandstone and grey 
gypseous and cherty-looking dolomitic flaggy layers occur. 

Great masses of white clay occur in the debris on the end of the 
Jabi s nr Jabi spur above the left side of the Dokri gorge. 

Some disintegrating nummulitic limestone near 
the place suggests that the clay may result from the decay and re-arrange- 
ment of its lower marly beds, but the local debris conceals the relations. 

About a mile north of Jabi, portions of the carboniferous rooks. 
Ammonite or Phyllo- slipped, fallen, and displaced, still retain sufficient 
e§rat * (Waigen.) continuity of relation to enable their former place 

in this series to be recognised. In a broken-down mass, belongingto the 
lower part of the upper beds of this carboniferous formation. Dr. Waagen 
found the oldest known Ammonite , or, as he has sinoe determined it, Pfytto- 
ceras ; which unique and interesting fossil forms the subject of a short paper 
in the Geological Survey Memoirs, TJ. IX, p. 851. It was associated in 
the limestone with the following: Mhym Iteymi, Ptodud ue ooetaine, 

( ) 
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P. spinouts, P. cora, P. Humboldti, a Rrtzia described by Davidson, Terebra - 
tula Himalayan**, Penedella, Macrockeilus, Goniatites, CeratUes, and many 
other carboniferous forms. 


From the month of the Dokri gorge a steep path near a salt ohowki 
leads np the cliffs on the right side of the glen to the undulating 
plateau above. From this path the broken and dislocated positions of 

Ctrboniferona rocks several groups can be seen. Where the rocks 
north-wert of Kirhid begin to appear in situ at the cliffs of the escarp- 

Dokri gorge. 

ment, greenish and thinly laminated flags occur in 
the upper part of group No. 5, and the white and red variegated clays 
of that horizon are sometimes hard and jaspeiy, the beds with the harder 
layers being 60 feet thick. Over them are 65 feet of grey calcareous 
sandstone with a one-foot fossiliferous band containing Spiri/era, Pro - 
duett, small Bellerophon, Terebratula, &c. Succeeding to this band are 
10 feet of greenish clay, overlaid by 12 feet of sandy limestone, 
weathering brownish, with Fusulina. This limestone is overlaid by 
30 feet of greenish micaceous day, then 150 to 200 feet of solid 
limestone with corals, passing upwards into 120 feet of brown, rusty, 
thin-bedded Bellerophon limestone, forming the cliff-edge. Other rusty 
calcareous beds succeed and undulate over the neighbouring hilly 
plateau, the nearest prominent elevation of which is capped by the 
whitish-yellow disintegrating lower beds of the nummulitic series. 


Viewed from one of these heights, the plateau appears like a grey 
n A limestone sea thrown into huge waves, some turn- 

iug over as if about to break, and the slopes of 
all “ dressed," or rendered smooth, with detritus. Among all these grey 
rocks the whiter debris of the nummulitic limestone can be occasionally 
detected, and some smoother greenish slopes show where the soft triassic 
strata may be found. 


To the north-eastward the country between the Kdvhtd gorge and 
Between Jetfr and Jatfr Kahfc is most peculiar. It is, as usual, hilly 
and covered with the detritus and masses of the 
carboniferous limestone in such a state that it is almost impossible to 
( 222 ) 
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say which ground is formed of rock in situ, and which merely of debris ; 
in fact one form so closely resembles the other that no hard line of 
demarcation exists. Over this ground are scattered patches of the num- 
mulitic limestone which have to a great extent undergone degradation 
and yet retain much the appearance of being in situ. One tract north- 
west of Sothi is covered by the triassic beds, general^ much broken, 
but in places actually in situ resting on the upper beds of the car- 
boniferous limestone ; while some of the hills and all the deeper valleys 
show the “ speckled sandstone ” exposed by denudation. Near Gogra 
the underlying “ purple sandstone ” appears with patches of the “red 
gypseous majrl,” all in a very confused condition,* the nearest rook to the 
marl being sometimes its proper associate, the purple sandstone, but 
sometimes the nummulitic limestone or one of the other groups. This 
confused and much disintegrated ground extends north-westward in and 
along the valley of a stream which runs from near Nanga west of Jatfr 
into the larger gorge near K&vh&d. Towards the upper part of the 
stream, and between it and Nanga, nummulitic limestone in an almost 
detrital state prevails ; but the red sandstones, &c., of group No. 5 are 
seen in the stream bed. 


In the neighbourhood of the village and so-called fresh-water lake 
JaUr (which is, however, saline) of Jaldr, the carbonifer- 

ous limestone forms hilly ground to the south, and 
cliffs to the northward, of a little plain, which ends at a complicated and 
deep clay khuddera to the eastward. There seems to be an east-and-west 
fault passing along the foot of the northern limestone diflb, and exposing 
some of the underlying speckled and reddish sandstones here and 
there. To the north of these cliffs and rising obliquely on the north- 
TlUa erly slope of their beds, a narrow (triassio) 

Ceratite band is occasionally seen, sueoeeded by 
the nummulitic limestone. The wholeof the latter is present, dipping 

Tertiary M&ditonet, &c *^ 60 *t &5° *nd overlaid by a long 

narrow basin of the lower tertiary, bone-bearing, 
greenish sandstones, eto„ with a few red day bands. These sandstones, 

( 223 ) 
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some 200 feet in thickness, are very soft and friable, and consequently 
occupy the bottom of a valley. The basin is incomplete, being* faulted 
in an east-and-westerly direction against a narrow strip of the Bellerophon 
beds of the carboniferous limestone, which forms an escarpment overlaid 
by the triassic and nummulitic beds. 


This locality was visited by Dr. Waogen, whose notes on the detailed 
section are given below 


Nummulitic 


Compact nummulitic limestone 
Yellow marls with NummuUtes 
' Brown marly layers with a few traces of corals . . . 
Grey and yellowish clays with concretions and 
Vnleellolike bivalves 
"Hematite 

Hard limestones with Bivalvos 
Thin-bedded hard limestone with different species 
of Ceratitee 


Teias 


Cabbokiyibous, 


Brown sandstone with Certifies Flemingi 

Brownish and light yellow sandstone with few 
Ceraiitet. In the upper part of these sand- 
stones is the Bellerophon bed of this Ceratite 
group 

Ceratite marls and hard thin Coratite limestones ... 

Brown sandstones and sandy limestones of the 
Bellerophon group, very thick 


Feet. 
30 to 60 


20 to 80 
6 to 10 
4 to 6 

10 

10 


80 

20 

100 to 160 


Northwards from this the nummulitic limestones undulate with a good 
deal of northerly dip into the S5n Sakesar Kahar basin. To the east- 
ward they are more violently contorted, and in the hills behind Naoshera 
they are covered by unconformable detrital beds (similar to those of the 
head of the Sodhi valley) dipping northwards at low angles generally of 
about 10 # . 


Westwards of Jal&r the carboniferous limestone cliffs which 

* 

overhang the lake extend for several miles, and 

Jurassic. 

are more palpably faulted along their base. The 
limestone k overlaid by the Ceratite sone, and this by a new group of 
white, red, and yellowish soft sandy and variegated beds, the oommenoe- 
( *** ) 
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meat of the jurassic group. Here in their first exposures the jurassie 
beds are thin, faulted, and much concealed. South of Nanga (to 
the west of Jaltfr lake) there is a considerable hill (beyond the broken 
belt of disintegrating nummulitic limestone) at the base ef whioh 
carboniferous limestone appears; and further up the triassic Ceratite 
band, overlaid by a few sandy beds representing the ^rassic rocks, and 
capped by nummulitic limestone with a southerly dip. 

These beds are cut off by a west-north -west fault bringing them 
against the carboniferous limestone, here forming a wide hilly tract, 
its beds dipping both to the north-east and south-west, and its chief 
lines of Ml and valley trending west-north- west. 


South-westward of this tract, and westward from Virgil, is a 

narrow elongated basin formed by a synclinal 
Vir^4L m % 

curve in the carboniferous limestones, but occupy- 
ing high ground. Within it, the triassic beds, a few jurassic layers, 
and an outlier of the nummulitic limestone, lie, each surrounded by its 
adjacent lower group, their outcrops forming escarpments on the north- 
eastern side and south-eastern end of the basin, but being overtopped 
by higher limestone hills in other directions. The north-east side of 
the outlier presents the following succession according to Dr. Waagen 


Nujotulitio 


JUBABBIC 


Tbias 


E 2 


p Compact nummulitic limestone, over yellow nummulitic marl- 
stone ... ... 

Gray days with very much gypsum, hard concretions with 
fossils... 

Hmnintite ... ... ... ... 


Feet. 

20 

12 

4 


Variegated sands and sandstones ... ... ... 10 

Brown sandy marls with Turritella ... ... 5 to 6 

Soft red sandstone with greyish and greenish days, pyritous 
* and gypseous ... ... ... ... 16 to 20 

"Grey limestone with numerous Bivalves ... ... 2 

Thin-bedded hard sandy limestone, no fossils ... 0 

, Ceratite sandstone, thin-bedded soft yellow sandstone with 

gypsum ; a BeUerophon bed in the upper region ... 60 

Green Ceratite marls ... ... ... ... 00 to 70 

.Thin-bedded limestone with C*ratit* ... ... 8 
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Feet. 


CABBOKIFEBOrS. 


r Grey sandstone layers ... 

Block coaly, slialy beds, micaceous... 

Thick light grey concretionary sandstones with nests of 
fossils, small Produeti, Bellerophon, and Gastropoda ... 
Brown sandstone and limestone with Bellerophon, Products 
costatus, and a Dentalium 
* Compact limestone with corals 


6 

3 to 6 


200 (?) 
800 


I found some of the Ceratites in the shaly beds on the south-west side 
of the basin to be of large size, occasionally measuring thirteen inches 
across. At this side of the basin there are also seen some 30 feet 
of white sandstones above the haematite zone, succeeded by 20 td 1 - 
30 feet of dark-coloured shales beneath the yellow marly beds of the 
nummulitic limestone. At another plaoe the hematite band measures 15 
feet and is overlaid by 25 feet of white sandy beds, both being displaced ; 
and at the south-eastern end of the basin an old pit was shown to me in 
what appeared to be a dislocated fragment of the hematite : from this 
pit-alum shale was reported to have been raised. Alum workings are 
not, however, now carried on here. 

The grey limestone with numerous bivalves, marked as 2 feet thick 
in the above table, is nearly 10 feet on the opposite side of the trough, 
and the shaly beds are covered with saline efflorescence. 

The high hill south-west of this (3,408 feet) is scarped towards 
the basin and formed of the hard fossiliferous (carboniferous) lime- 
stone, folded so as to add much to its apparent thickness, which would 
be great even if undisturbed. The limestone of the carboniferous forma- 
tion is frequently dolomitic in this neighbourhood, in the lower country 
along the escarpment of the range. In the neigh- 
Ch0ya * bourhood of Choya (Chua) more than the usual 

amount of disturbance and dislocation prevails. 


On the right side of the Dokri gorge, within a mile from its 
mouth, there are four large and many minor 
ground slips, one of which is probably along a 
continuation of the K&vh&d fault. Further west the entanglement of 
( 226 ) 
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the rocks from the same cause becomes intensely complicated. The 
succession is the same, but the “ purple sandstone ” is much less seen, 
except in the cliffs nearest to the main escarpment, where it still retains 
its thickness of about 250 or 800 feet. Even here there is occasionally 
a thin, greenish, shaly, micaceous band, between it and the “ speckled 
sandstone/ 1 the thickness of which last appears much co exceed that of 
the former groups. Along the foot of the hills the “ red marl ” and the 
“ purple sandstone” are frequently but not well exposed underneath the 
debris. 


In the Ghoya gorge many singular complications occur, the lower 
rocks of the overlying series having slipped down- 
i i wards over the salt-marl, sometimes producing* 

the appearance of alternation, whilst sometimes nearly isolated masses 
from above have reached the bottom of the glen. The “ red-salt marl ” is 
much exposed, and crops out on the shoulder of the 

Salt-marl. 

spur between the gorge and the village of Choya, 
at a considerable elevation above the latter. The water is all salt with 
the exception of a small driblet, issuing at the left side of the mouth 
of the gorge from the gypseous red marl ; a hollow which might hold 
a pint having been formed to receive the supply around this, a cluster 
of the village children stood waiting their turn to obtain a tardy lotah- 
ful, warm and not particularly good when gained. The “ red marl” 
has a more stratified appearance than usual owing to the prevalence of 
gypsum, the layers dipping at high 'angles on account of much dis- 
turbance of the rocks (see fig. 40, PI. XXIII). 


At some distance within this glen, bands of the grey cherty-looking 
Dolomitic flags and dolomite and grey (weathering greenish) clays or 
■haly layers m marl. shales with ferruginous strings, occur quite ver- 
tically bedded in the salt-marl, the flaggy dolomite bands alternating 
frequently with dark brownish grey thin shales. At one place these beds 
measure 50 feet, and present in their regular stratification a strong 
contrast to the adjacent marl. 
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Slip fault. 


Farther on, the stream runs through the sandstones, &c., of 
group No. 5, and between masses of the carbon- 
iferous limestone, that on the right side of the 
stream being displaced, shaken, and brought against the " purple sand- 
stones " by a fault along which the lavender clays of the group (No. 5) 
are crushed into contact with the lower purple sandstone beds. 

The stratification of the rocks at the head of this glen is well seen. 
Head of Choya glen the a purple ” and “ speckled " sandstone groups 
and ascent to the north. dipping at 50° to the northward and rising injjo a 

high hill overtopping the plateau country. The northern slopes of this 
hill are on the dip of the bare rocks, lessening with the descent, until 
nearly at the foot they pass beneath an outlying patch of the carboniferous 
limestone, partly horizontal and partly taking the opposite inclination 
of a synclinal curvature. Two or three streams meet here ; following the 
most northerly over rough ascending ground, the “ purple sandstone 99 
and overlying groups are passed, and a curious narrow, deep, winding cut, 
which can be touched at once on either side, leads through the carboni- 
ferous limestone cliffs, up over a “ bad step ” and into the basin occupied 
by the triassic and overlying groups of the Choya section (fig. 40, PI. 
XXIII). Immediately over the village of Choya, much “red marl” and 
several hetereogenous, fragmentary patches of the other groups are exposed. 

To the westward in the gorge between the village of Choya and 
Gorge between Choya Varcha (often called Wurcha) the red salt-marl is 
and Varcha. again largely exposed ; here it contains salt and 

produces a white efflorescence from saline portions called by the natives 
tur. It is much cut up by slip*, but there appears to be an 80-feet 
band of purple marl and thin sandstone below the uppermost SO feet of 
the red marl ; the gypsum in this causes it to retain some traces of 
stratification in the neighbourhood. The lower 60 feet of the overlying 
purple sandstone group is unusually argillaceous, and this appearanoe of 
an alternation between an upper band of the red marl and the lower 
portion of the purple sandstone is also seen in a few other places in the 
vicinity. 
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Just in tbe neighbourhood of Varcha (Wurcha) the rocks are again 
tremendously broken and slipped, gceat shifted 

Varcha village. 

disintegrating masses of the carboniferous lime- 
stone directly overlying the red marl, and portions of the other rocks 
being entangled with this marl, at many points, without any of their 
consecutive relationship being preserved. The shaken and displaced 
limestone overlying the salt-marl can be continuously traced into 
connexion with that which is still in situ , horizontally undulating 
over the higher ground, the transition from one condition to the other 
being imperceptible. Open fissures and chasms, of great depth but in- 
considerasT'3 ^ridth, occurring in the limestone are probably due to the 
instability of the underlying salt marl. 

Between the village of Varcha and the Varcha gorge to the northwards 

Between Varcha village the “ red salt-marl ” is seen, forming a part of the 
and gorge. Varcha exposure of the Saline group, one of the 

largest in the western part of the range. 

The red marl here is conspicuous from the plain at the foot of the 
escarpment, and fills a small rugged valley. Gypseous interstratifications 
occur, and parts of the formation appear in many places to have subsided. 
The marl lies very high, entirely forming hills, which measured by aneroid 
740 feet in height above the plains (see fig. 41, Plate XXIV). 

Crossing these hills into the Varcha gorge the same marked appearance 
of interstratification at its junction with the purple beds above, was again 
observed, there being more than one alternation of bands each about 
50 feet in thickness. 


The ground in this neighbourhood is, however, greatly dislocated, so 
that some doubt attaches to the occurrence of alternations ; an appearance 
which might very easily be caused by subsidence along concealed lines 
of slippage. 


Within the Varcha gorge itself there is again much disturbance and 


Varcha gorge. 


dislocation ; portions of the purple sandstone are so 
slipped or faulted on the left-hand side of the gorge 
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as to be entirely included in the marl, giving with the doubtful interstra- 

Aitemation at upper tification mentioned the appearance of at least three 
part of salt-marL alternations of “red marl” with the lower beds 


of the “ purple sandstone.”* Besides this, masses of the “ speckled sand- 
stone ” group have subsided between portions of the latter rocks, which 
appear much thinner than usual, and both at the mines and towards the 
head of the gorge, complicated landslips cause the carboniferous lime- 
stone to rest on the “ salt-marl,” with only the intervention of the upper 
lavender clays of the “ speckled sandstone” group. At one place on the 
right side of the gorge, northwards from the mines, there are 4 Qme 


Greenish sandy beds. 


greenish sandy beds intercalated between the 
“ purple ” and “ speckled ” sandstones in the place 


of group No. 3, which as a continuous band disappears far to the east- 


ward about Ehdnd Ghat on the road to Sakesar from Sh&hpur. 


Above the speckled sandstone and its lavender clays, the carboni- 
ferous limestone appears everywhere on the 

Carboniferous. 

heights t surrounding the glen. Near its mouth, 
faulted or slipped and disintegrating masses of the same rock in imme- 
diate junction witb the salt-marl form the low outer hills. 


The thickness of the purple sandstone may be partly concealed by 
slips here, but at the head of the glen it seems to have diminished to 
150 or 200 feet. The speckled sandstone group is also apparently 
thinner, the sandstones being from 100 to 1 50 feet, and the clays above 
from 50 to 80 feet, or for the whole group from 130 to 250 feet. The 
thickness of the carboniferous limestone, from its manner of exposure 
making differently sized cliffs in different places, is not very easy to 
estimate, but the hard cliff limestone may be about 250 feet or less, 
having some 50 feet of sandstone beds below, and 80 to 100 feet of other 
sandy calcareous beds with Bellerophon, &c., above, making the whole 
group 350 to 400 feet. 


• These appearances, at one place on this left aide of the glen, certainly have very 
much the aspect of natural and successive alternation, 
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Varcha salt mines. 


The Varcha salt mines are situated on the right side of the gorge, not 
far from its mouth, the entrance to the mines 
having been excavated through the lavender clays 
at the top of the speckled sandstone group. For 1 00 feet into the mine 
these beds and purple clays, or marls, are passed through, too irregularly 
stratified to afford much information, but the general dip is to the west 
at 30°. Within, the mine is worked in the usual salt and salt-marl : 
it is a very extensive excavation which follows a 20-feet bed of salt 
dipping at 20° to west-20°-north, and also to the north-west, the angle 
growing steeper as the salt bed descends. The general strike is from 
east-north-east to north-east, and the length of the mine is some 450 feet. 
The salt is o th 6 usual reddish white colour. In one part of the mine 
old workings exist, without pillars, to support the roofs of the large and 
dangerous chambers left by the old miners. At the north-eastern end of 
the mine is the old Sikh entrance, and near it are some large vertical 
natural shafts with curiously fluted or moulded sides, showing the great 
thickness of the salt. (See fig. 42, plate XXV.) 


Salt is also known in other places in the glen, but on its left side, just 
opposite to the mineB, the salt bed (if present) is concealed, probably by 
land-slips. 


At some distance up the gorge beyond the mines, the flaggy and 
Flaggy beds in red shaly, grey gypseous and dolomitic bands occasion- 
ally met with in the red marl, appear more fre- 
quently than is usual, and at one spot, though contorted and slipped, close 
on the bank of the stream, they have the following arrangement (see 
fig. 43, plate XXIII) 


Variegated purple days 
Gypseous layer 

Purple and green and grey day ... 

Strong rugged bands of white gypsnm 
greenish grey day shale, black where wet weathering 
whitish 


10 feet. 

1 

6 „ 
d h 

B „ * holme. 


<P 10 feet ifaot slipped.} 
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Hard dolomitie flaggy bandit alternating with thin grey 

shales, having yellow partings ... 8 to 5 feet. 

Bark grey gypseous shale ... ... ... 5 

Red marl again underneath ... ... ... (?) 

Still further up the glen a similar group of beds is again seen with a 
25-feet band of salt immediately above the upper purple portion of the 
saline marl ; the same kind of greenish beds, but without the salt, re- 
appear where a stream from the east enters the main channel. As there is 
a large quantity of the salt-marl exposed here, and these thin-bedded bands 
are generally seen in the lowest situations, it might be inferred that they 
occupy a low horizon in the group, but their association in this place with 
rock salt, which is usually found near the top of the marl, and the 
possibility of slips having taken place, render the relation of the flaggy 
layers a matter of doubt. 

The large glen of Varcha is separated from an upper and smaller one 

. by a cliff of the carboniferous limestone, which 

XJppcr glen. 

must have subsided considerably, for the underly- 
ing speckled sandstones are slightly visible, forming the floor of the upper 
valley. On both sides of the smaller glen the Carboniferous beds are 
fossiliferous, containing, with other forms, some fine specimens of a large 
Streptorhynokvs . In the upper part of this glen, where crossed by the 
^ road to UchSli (hardly passable), the greenish trias 

beds occur in a synclinal of the carboniferous 
rocks, the latter being much folded about this part of the S6n plateau. 


Between the mouth of the Varcha glen and that of the Amb valley 
Between Varcha and there is another large oval exposure of the “ salt 
^ mb# marl," the u purple" and the “ speckled" sandstone, 

and the carboniferous groups, evidently much dislocated and not in consec- 
utive order. At the north-western side of this exposure there is again 
the appearance of some of the red marl overlying a lower portion of 
the purple sandstones, but the country is so slipped that appearances 
cannot be trusted. Between these two glens the red mail is very 
generally traoeable along the base of the hills. 
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North-west of Vareha is tbs extensive, wild, ma$ 

£mb giax situated glen of Amb. The main gl ta ipun* 

from the low plains in a curving north-easterly 
direction up to the southern foot of Sakesar mountain. St is a deep reefy 
gorge buried among lofty hills and joined at different point* fy three 
other valleys from the south-eastward. In this glen, ty sides and its 
branches, the whole of the Western Salt Range series is to be found ; 
but so intense is the dislocation from which the rocks have suffered, that 
in no place is a regular unbroken section observable. In addition to the 
difficulties caused by faults and very numerous landslips, violent con- 
tortion has in places affected the rocks. 

The " red marl” is seen in many places in the main gorge, and in 
that branch in which Amb village is situated; 

Bonos* 

but only one place was indicated by the natives, 
at about half-way up the main glen, where salt is siid to occur, and there 
are no mines open. 

The “ purple sandstone” is capriciously distributed ; there is a good 
deal of it seen about the mouth of the glen, and immediately within the 
gorge, but further up it is either absent or very thin in comparison 
with its usual development. In the gorge, too, just above this group, 
are some greenish shaly beds in the place of group No. 3, but only 
locally present. 

The "speckled sandstone” group is hugely present, having an Jto* 
earned thickness of 800 feet, and showing seme slight local changes ej| 
character the lavender days still Jormiag its upper acne, fhe 
bouiferous limestones are sometimes magnesian, and are often inter- 
edited with sandstone beds and mum places with coaly shale b**d*« 
4tod*an them limestone! the most remarkable contortions hi the^ffy 
epoeov. The tii ess ic beds appear either in isolated faulted 
er in fystr proper place in dm corks, on the -"-**■* 
where the overlying juried* reeks a* a3*» sapeesd. fSremmtSM 
Ksmtame amends the head ef the rein glop, mi sfret s ha i jfr 



884 WYNNE: GEOLOGY OF THE SALT RANGE IN THE PUNJAB. 


northern side, forming the higher part of Sakesar mountain. Far to 
the south, in one of the small tributary valleys to the left of the 
gorge, an isolated, faulted, and subsided fragment of these rocks occurs, 
associated with some of the coal-shales beneath, and in junction with 
a remnant of the overlying petroleum-bearing tertiary sandstones, the 
manner of their exposure being singular, and the connexion between 
their present position and their original mode of occurrence not easy to- 
trace. 

Of many faults in the glen the principal one runs down the left 

bank of the main stream, crossing it north of 
FAvlIs. - 6 . 

Amb, and obliquely ascending the opposite side 

of the glen. This fault appears to be a continuation of that at Jal&r. 
Another runs up the branch glen beneath Amb village, and there are 
others besides. Two or three principal lines of land-slippage coincide 
with the general run of the main glen, former cliffs having slipped 
down the south face of the Sakesar mountain ; while nearer the mouth 
of the glen, the number of these dislocations and the variety of their 
directions give the whole mass of the rocks a most confused arrange- 
ment. 

The hill to the east of the mouth of the gorge is capped by the 
HSU ait of gox£e carboniferous limestone, undulating or dipping 
vealh. northward. This limestone is surrounded by its 

own debris, below which the “speckled sandstone,” “ purple sandstone,” 
and "red marl” groups appeal. Towards the gorge the two latter 
idteroate. along nearly north and south lines of slippage, none of the- 
groups being entirely exposed. On the opposite side of the glenV 
mouth, gently rising ground is covered with 
* limestone fragments, but further up portions of 
the speckled sandstone and carboniferous limestone appear, none of 
which, perhaps, are in their proper situations. High up on this ground a 
Harrow shifted band of the salt-marl crosses out from Amb glen, and 
<*txns afcmg'te the wot, partly occupying high ground, and partly the 
irst J^ri^sskm behind the outer hills. It is associated, wfth numerous 
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broken portions of the speckled and reddish sandstone or eatfeoni 
ferous groups, one little triangle being occupied by triaseae beds. 


Just within the mouth of the gorge the crushed and broken rooks 
exhibit some most complicated folding, and the 
Within month of gorge* above the (< purple sandstone ” differ some* 

what from the usual aspect of the u speckled sandstuae ** group ; the 
following succession being observed 

Groups. flsst 

f Bright red aluminous beds ... ... * 80 

I Greenish, greyish, and white flaggy sandstones and sandy 
NO. 6. -{ .v a i. aAmA U ani J. 1AA /•% 


* * | shale with some red bands .. 

^Hard white sandstone and grey shales 
No. 3P. Greenish grey, sandy, shaly, soft beds 


{ Dull purple sandstone 
Purple shaly and earth: 


* l Purple shaly and earthy part of the group . 
No. 1. Red salt-marl 


.. 100 (P) 
... 80 
... 80 
80 to 100 
60 to 80 


This is on the weBt side of the gorge. A little further on, an isolated 
block of the carboniferous limestone, 40 feet in width, projects from 
the red salt-marl. Near this place, where the bottom of the gorge ii 
occupied by the red marl, the purple sandstone forms the lower 
part of the right bank, and a slipped or faulted portion of the same 
occurs ou the left, running in between masses of the carboniferous 
beds, which in this part of the gorge almost everywhere form itB left 
aide. 


The second stream of any size above the mouth of the gorge on this 
side, enters the main one from a little valley, the south-west side of 
which is formed of the carboniferous limestone, dipping north-east St 
45° and 5Q*, and the opposite side chiefly of limestone debris. Abbot 


Bttlgi ooul locality. 


three-quarters of a mile up this smaller *aUsy is 
the Salgi cool locality.* 
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Here the isolated mass of the nummulitic limestone, before men- 
tioned, occurs on the right bank of the stream for about 100 yards. At 
the north-western end it is in contact with some of the greenish 
triassic shales, the limestone being overlaid (instead of underlaid as 
might have been expected) by a 4-feet bed of white sandstone, suoceeded 
by a conglomerate of possibly recomposed nummulitic limestone pebbles. 
Besting upon this are a few beds of tertiary sandstone of two kinds, 
purple, and grey pseudo-conglomeratic, coarse, soft, or speckled sand- 
stone. The coal-shales beneath the nummulitic limestone are greatly 
crushed, the coal being very bad, rather a highly carbonaceous shale 
with a few plant fragments, and the most coaly portion varying from 
8 inches to a foot in thickness. Beneath these shales Dr. Oldham 


seems to have observed some of the salt-marl, which may probably 
have been subsequently conoealed by the stream deposits. It occurs, 
however, a little way north-east of the nummulitic limestone, away 
from the stream. A few yards further up the course of this, some more 
beds of the tertiary sandstones come in over the limestone, the section 
being as follows, and the beds dipping east-north-east at 30° 


Tsbtubv 

bavdstovb. 


’5. Red clay. 

4. Grey soft sandstone 

8. Brown sandstone 

9 . Grey sandstone... 


8hnanrsme(P) 


( 1. Limestone conglomerate 
1 (An original rock or reooi 


(An original rock or recomposed from debris ?)* 


From the brown sandstone. No. 8, a small quantity of mineral tar was 
oozing out and running down the bank for 15 
feet. The rock is very tough and strongly im- 
pregnated with the petroleum or tar, which burnB with a red flame, 
sputtering much, doubtless in consequence of the presence of water. 
Beyond this the carboniferous limestone forme both sides of the valley, 
but to the north-east of the coal and tar locality, within a mile, denu- 
dation and dislocation have exposed some of the “ speckled sandstone " 


• This oopglcwcrmfct may perhaps represent Urn similarly plaoad dafarital jnnatfan- 
reokstUmtcy aflfcs MMia^ittot im a iteiie of thi Bast Sail BaBfa> ess tin MBs sooth of 
FhadtfL Bcepll*. 
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beds and the “red marl" beneath. Returning to the mahl gorge, the 
lower portion of it still exposes the red salt-marl, rising considerably above 
the bed of the stream, the occurrence of salt being indicated by a ekoiokt. 
Here the path to Amb leaves the bottom of the glen and ascends a steep 
hill of limestone (the ascent having given a barometric depression of *6 of 
an inch by aneroid) ; after which a slight descent leads U.4to the smaller 
valley within which that village is situated. The fault rihich longi- 
tudinally .traverses this smaller valley branches in 

Amb village. 

the neighbourhood of the village so as to include 
a wedge-shaped mass of the “ speckled sandstone " group, having on one 
side the “ red marl ” upon which the village stands, and on the other a 
portion of a basin of the jurassic, triassic, and oarboniferous rocks. The 
red marl is gypseous and stratified, dipping towards the north-east at 40° 
to 50°, and just above it only the lower or shaly portion of the “purple 
sandstone" is represented. The succession of the beds at the village is 
as follows:— 


6 Cabbokieebous 


6. Speckled bakd-1 

STONE ... I 

2 PFBPLB SAND* I 


1. SALT-lCAmi. 


-{ 


Carboniferous limestone. 

Feet 

Giey days, yellow partings .. 

... 40 (P) 

White sandstones, weathering greenish . 

... 70 

Greenish shaly layers and conglomerates of 

meta- 

morphic pebbles 

... 60(P) 

Grey lumpy, sandy, shale 

... i-5 

Dark purple and greenish elay 

SO to 100 

Purple flaggy shale 

... 100 

Compact white gypsum 

... 25 

Grey and red shaly marl ... 

... 4 

Bed salt-marl, gypsum veins ... *.. 

... 70 


The representatives of the “ purple" and “ speckled" sandstones (No. £ 
Change in the Purple and No. 5) extend up the valley in an east-south-east 
Sandstone gnmp. direction, until they disappear beneath the car* 

boniferous limestone. A fractured segment of a basin containing newer 
sooks than these lies below Amb, along the stream on the northern aide 
of which the village stands. From the heights above the village the 
carboniferous, limestones may be seen on the opposite hill-side dipping 
in northerly directions, and passing beneath the newer and softer Ish 
along tits course of the stream. 


( ) 
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The instructive section whioh this valley affords is as follows (accord* 

Section raiiey i n g to my notes and those -subsequently made by 

bdowTill^. Dr. Waagen):— 


JU1AMIO (?) 


V. JuaABBIO 


fNunmralitic alum-shales with few fossils (i 
11. Numnjxiixo \ atChichAlipass, TrnnM.Indxu)TurrtieUa,Trockus 
l. and little corals. 

White soft sandstone with numerous fragments of 
lignite ... 

{ Alum-shales thicker than above and with more 
pyrites 

Strong red ferruginous sandstone with Oatrea, 
Ewogyra, some indistinct Gastropoda and frag- 
ments of unsymmetrical Fchinida ; section not 
quite dear, and part seems as if some grey 
sandstones came in above these ferruginous ones. 

| Grey and variegated sandstones and shales, coarse 
yellowish flaggy sandstone with 
Terebratulea 

I Variegated red shales 
Thick white sandstones 

^Variegated shales, blackish, grey and red ... ... j 

f Hard limestones, numerous species of bivalves, cal- 9 ) 
careous sandstone with spmose Ceratite*, sandstones 
with C. Fleming fi, BeUerophon bed of the Ceratite 
group with many Ceretitee... 

| Ceratite marls, grey and green ... ... ... 

I Lower Ceratite limestone 

f Soft white sandstones intercalated with coaly shales, 
fossils numerous, Bellerophon, small bivalves, Ac.... 
Compact carboniferous limestone 
Yellow dolomitic sandy limestones 
Grey sandy brittle layers with numerous Stropkaloaia 
and Lepton* ... 

Busty-brown, coarse, farraginous sandstone, Spirjfer, Ao.) 
Pine white sandstone with Feaulinm, Ortkia, Ac. ... j 
Black ooaly sand or sandstone, with much pyrites and 
many fossils, Anloategea, Ac. 


Feet. 


60 


60 




7. Tbxassio ... 4 


100 to 160 


160 


& CassoinraBOUS 


Z. 


H da y 

white sandstone 

.riay 


160 to 

6 

15 


10 
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The rocks are so disturbed and overrun by debris in some plsom, 
that a fairer estimate of their thiokness could not be formed* Besides 
this, the sections are often oblique, giving an apparently greater thickness, 
while slips and slight local changes in the beds make the order appear 
somewhat different in different places ; the above table, however, gives a 
general idea of the succession. The alum-shales at the top of the section 
are divided into two bands by a zone of whits' 
sandstone, and though this might be merely an 
accidental occurrence, the arrangement coincides with the fine Chich&li 
section Trans-Indus, suggesting the possibility that these two zones of 
alum-shale may represent the larger bands of Chichfili, and that the 
interveninf sandstone may be of cretaceous age. A break or irregularity 
in the succession whioh is seen Trans-Indus is not; however, observed 
here, and the similarity, so far as it extends, must only be taken for 
what it may be worth. 


East-north-east of Amb village, a track leads by some Buddhist 
ruins up to K&ngrawfila summit, a lofty hill of 

hill. 

carboniferous limestone, 3,920 feet above the sea. 
The strata of this hill are most curiously arranged in an inverted fold, 
the outcrop being to the north and producing fine cliffs of 400 and 50Q 
feet high at least (see fig. 44, plate XXIII) . At the summit of this hill, 
too, there are some strange natural funnels ; these when visited, late in 
wwWmUihmm the evening, were emitting volumes of hot damp 

air, the moisture of which condensed upon mosses 
and other damp-loving plants which surrounded their mouths. The* 
reason of this occurrence was not clear ; some decomposing pyritous beds, 
whence heated air or gases might ascend, may have been caught in the 
fold, or may exist in the limestones ; the weather was hardly sufficiently 
warm or the eveping sufficiently cold to have produced the difference of 
temperature and an upcast draught, supposing the air had access below* 
To the east-by-north of this hill, a long fault, apparently the con- 
tinuation of ,t hat passing north of Jalfir, separates the carboniferous 
from the nummulitio limestone along a line parallel to the course of a 
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rocky stream. At the point where this fault enters the Amb gorge. 

Head of Imb glen ,0me nummQ ^^ e limestone forms a crag, resting 
against the foot of a lofty cliff of carboniferous 
limestone, and near this crag about 150 or 200 feet of soft sandy beds be- 
longing to the jurassic group are also crushed against the limestone ; 
some of the same beds as oocur in the neighbourhood of Amb being 
thrown into a nearly vertical position, close to a place where old alum- 

works were reported to have existed. At this point were seen — 

Feet 

-4. Black shales, gypseous and pyritons ... ... 64 

8 . Lumpy lower nummulitic limestone ... ... 27 

Nnonruno ... (V ariegsted red band with some flaggy shales wanting 

here.) 

.2 White sandstones with black shales ... ... 28 

JtnASSXO ... 1. Crimson days and soft white sandstones ... 50 

And in another place close by — 

r6. Lumpy nummulitic limestone 
5. Variegated red band, flaggy beds and shales 


Ntnacvuno , 


Jubasszo 


] 4. Very black shales 
8. Berk grey shales 
12. Bnsty-sbaly beds 
1. White sandstone 


| indistinct 

Feet 

12 

16 

80 

100 


The difference between these two small portions of the series shows 
how these beds are liable to vary and how little their detailed character 
is to be depended upon, their identification in the absence of fossils 
being only determinable from general features. 

Bound the head of the glen, faulted against the nummulitic lime- 
stone by an east and west fracture not far from the main fault, and 
also reappearing among the hills of the nummulitic country between 
this and Uch&li, the white and red, sandy and argillaceous, jurassic beds 
may be seen cropping oat from beneath the whiter nummulitic lime- 
stones, and they also appear along the main Jaltr fault southward of the 
last-named village. The triassic beds below are also occasionally visible* 
These jurassic and triassic beds pass also from the head of the 
nseHiUB gl an Amb glen along the southern brow of Sakeear 

n» flak ns r , mountain, the variouriy coloured bends of the 
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Jurassic aeries forming a sort of escarpment below the tains of tbs 
nummulitio cliffs, while the underlying triassio rooks are more concealed. 
The carboniferous group forms another ledge of 200 to 300 feet in depth, 
below which the “ speckled sandstones " appear, with a thickness of 250 
to 300 feet, the lower 50 being of coarse white sandstones. The “purple 
sandstone " below is but slightly represented, and it is doubtful if in some 
places here that group is not entirely absent. Where represented it 
sometimes consists of 90 feet of dark shaly conglomerate with metamor- 
phio pebbles. Beneath the “ speckled sandstone " group the lower slopes 
are greatly confused by the long lines of slipping already mentioned, 
but the “red salt-marl " is frequently seen. The stream at the bottom 
of the glen 4 0 *ys for more than a mile among vertically bedded, craggy, 
displaced masses of the carboniferous limestone, forming a hard bar 
in the valley, and extending together with a part of the triassic beds, 
to west-by-BOuth along the Sakesar side of the main fault. On 
the opposite side of this the “ speckled sandstone " and “ red marl " 
come together, with but a small representative of the “purple sand- 
stone" between, or in places without any of it at all. The main 
stream having left the vertical part of the carboniferous limestone, 
crosses the sandstones and marl, then crosses the Amb village fault, 
and flows between banks of carboniferous rocks again; below these 
it has the limestones on the left and the “red marl" on the right 
down to the place where the rocks on its banks have been already 
described. 

High up above the glen of Amb and on the opposite aide from 
Sirfa-kj-Aok village is the small hamlet of Sirin-ki-dok, 

situated on a spur from Sakesar. Hereabouts the 
higher ground is all formed of nummulitic limestone, undulating or 
dipping to the northwards, towards the nummulitio synclinal of Sakesar 
peak, while in a north-westerly direction these beds dip at high angles 
to the north-east. This nummulitio limestone sends out a tongue to the 
southward from the village (nearly on the watershed between the Amb 
glen end the Bscir Win) around which both the Jurassic and£riaasie 
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beds erop out, resting 1 on the carboniferous limestone, the whole series 
passing off on one side along the £mb glen, and on the other along the 
north-eastern side of the Bazdr W6n. From the high ground looking 
in the latter direction the four groups, Nob. 6 , 7, 9 and 11, can be well 
seen striking steadily off to the north-west, with much less of the oonfu- 
sion and concealment occurring on the northern side of the Amb valley. 


The following succession occurring in the vicinity of Sir&n-ki-dok is 
taken from the notes of Dr. Waagen and myself, many of the* details 
being from the former 


Nnoniuno . 


Jvsamuo 


( Nnmnmlitic limestone 

... 


Alveolina beds 

... 

... > disturbed. 

Nnxnmnlitic limestone 

Ilt 

J Feet. 

Yellow nodular marls, Nnmmulitea 


20 

Brown marls, upper part hesmatitic 

... 

16 

Grey nodular marls, no fossils 


... 8 to 9 

Variegated cavernous sandstones .. 

... 

26 

i Hwmatite 


10 




79 




Feet Inohee. 

f Alternations of brown sandstone and bard yellow marl 12 to 16 

0 

Brown coarse sandstone ... ... 

... 

80 

0 

White cavernous sandstone ... 


8 

0 

Coarse rusty sandstone, conglomeratic in parts 


45 to 60 

0 

White sandstone 

tt| 

6 

0 

Hamstite ... 

9 m 

6 

0 

Yellow sands and sandstones with chalcedony 

|M 

6 

0 

White sandstone, many ferruginous spots... 

... 

60 

0 

i Liver-coloured sandstone ... ... 

... 

10 

0 

Soft rusty sandstone 

... 

8 to 10 

0 

Light rust-coloured sandy limestone with pebbles 

or 



concretions of grey mudstone 

• te 

2 

6 

Soft sandy bed ... 

♦M 

1 

0 

Liver-coloured sandstone with ripple-mask 

see 

2 

0 

Bust-coloured soft sandy beds... 

• te 

7 

0 

Mm dstone, ripple-matkud 

lit 

1 

6 



199 

n 
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Tbiabbxo 


'Very hard rurty limestone with numaroui Motions of 
M at or Ammomtei, gastropods and bivalves 
Soft yellow sandy beds 
Hard rusty-coloured layer 
Grey cavernous sandstone 

Very hard grey limestone, glauconite, and bivalve* 

„ Soft yellow sandstone 

Thin bed of sandstone with many indistinct bivalves 
Hard brown bed with numerous pebbles of limestone 
Grey limestone with numerous bivalves ... 
Thin-bedded limestone with Ceratitet 
Sandstone and limestone with Ceratitet ... 

Coratite marl, badly seen 
t Brown conglomerate bed ... ... 


IMtlndM*. 


f Rusty dolomite .*• ... ... ... 6 0 

Light coloured sandstones, BttlUropho*, Athyris tub- 
tilita, Dentalium &c. ... ... 

C abbok ipxbottb do i omit ic, sandy and fossiliferous, grey, oar- ‘ 350*0 

boniferous limestone ... ... ... 

Sandy and ferruginous beds ... ... ... - 

■— bawd- i gpgcJded sandstones with coarse white sandstones below J 800 0 

^^btonb BA3n> ’ | Purple sandstone, conglomeratic shale ... ... j 100 0 

Salute gboup. Salt-marl ... ... ... ... Uncertain. 


Sakesar mountain rises above everything- else in the Salt Bange or 
adjacent country. It has somewhat of a crescent* 
shape in plan, the convex side being tnmed to* 
wards the south ; a spur to the north-east connects it with the most lofty 
portion of the anticlinal lying in that direction ; and high ground, 
but gradually declining, stretches away as a narrow ridge to the north* 
west. From the higher points the stony ridges of the nummulitio 
limestone country and the Son plain with its salt-lake are overlooked to 
the eastward; more abruptly broken country to the south; the long 
valley, between nearly parallel chains of hills, called the Bazir Win, to 
the westward ; and to the north long undulating slopes, broken here and 
there by crags, lead the eye downwards to the great Potwir plateau* 

( **3 ) 
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The nummulitic limestone of the summit of the mountain does not 
form a horizontal cap, but is bent into anticlinal and synclinal curves, 
having 1 an east-and-west direction or following the cresoent-shaped form 
of the hill; valleys having been excavated and minor ridges left between, 
with only a very slight relationship to the contortions of the strata. On 
the crest of the mountain the nummulitic limestone beds dip generally 
southwards, but are so curved, at some distance down the hill-side in 
that direction, as to crop outwards from the surface. On the northern 
slopes the beds are inclined with the ground, but they have been cut 
through by denudation, leaving some of the basal nummulitic hematite 
exposed, as well as one large and several smaller patches of the jurassqg. 
rocks. The latter are here chiefly white sandstones and rusty-yellow 
earthy beds with calcareous layers containing Terelratiula, Belemnite s, See. ; 
they are conformable to the nummulitic beds, and dip with the northern 
slope of the ground. At the foot of the mountain in this direction and 
for some distance up its flanks, the surface is covered with debris of 
the nummulitic and tertiary sandstone groups, the latter rocks being 
exposed in the deeper stream-courses at a considerable distance from the 
limestone of the mountain side.* The structure of Sakesar and adjoin- 
ing ground will be seen from the section, fig. 45, Plate XXVI. Near 
the base of the red earthy zone overlying the lower tertiary sand- 
stone beds and in a direction north-by-east' from 
sui+ chowki. J 

Sakesar summit, is a salt watch-house placed to 

guard some saline streams and efflorescence similar in character to that 
which frequently occurs in the lower portion of these tertiary sandstones 
and days, but in larger quantity than usual. 

* 

• 8ome very good bungalow* bare been built near the eummit of Sakesar to supptyr 
4he want of a sanitarium for Shahpur and Miaw&i station*. A good road leads to these 
Aran the Son plates* sad a vwy bad one down the northern slopes vid MiawtfU Dok to 
Hamel , Tbs situation is lofty bet bleak* there being little vegetation, and supplies have te 
bebifraghi froyn TJchfU* a distance of several miles. 
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Section XI. — Cannatf Hills and narbow past op tee Salt Baw. 

The hills to the westward of Sakesar are divided into two principal 

Hill* west of ~m „ ^“P 8 the Ta % of B®** 

running in a north-west direction towards M6sa- 
khel. Both of these groups are closely connected with the Sakesar 
mountain, the north-eastern one being a continuation of it and the 
other united by the spur of Ser&n-ki-dok. 

The latter group has been alluded to as the Chiderti hills. These 
are in places lofty, one summit rising to within a foot of 8,000 feet, and 
the group has a general north-west and south-east extension. All over 
these hills the carboniferous limestone is largely 
exposed, the beds rolling or contorted, dipping in 
various directions ; the rocks consisting of the usual light-coloured com- 
pact or crinoidal, and sometimes magnesian, limestone, some more sandy 
rockB and shaly beds. Beneath these the “ speckled sandstone ” group, 
with its coarse conglomeratic sandstones, grey and lavender days, and red 
ferruginous shales, very frequently makes its appearance. The “ purple 
sandstone ” group is thinner and more fugitive in its occurrence, and the 
“ red salt-marl" is seen in very many places, both among the MM* and 
along their outer portions. Above the carboniferous limestone near 
Chiderti, there is a considerable development of the triassio rocks, and 
at one spot on the opposite side of the hills from that village a small 
fault-enclosed patch of the nummulitic limestone occurs in the Basir 
Win. 

Two considerable but irregular lines of fault traverse these'bills and 
coincide generally with the direction of the ranges 
on either side of the most lofty ground ; there am 
also, both in the lower outer regions and within among the y^y 
numerous dislocations of the character usual along the whole so uther n 
face of the range. These dislocations are most numerous and most torn* 
pliqate£ from the opening of the Amb glen to the hill* above fHnfrgfo 
keri or Dheda. (See fig. 49 , Plate XXVII.) 
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Near the latter place the outer slopes of the hills are covered with 
„ , , debris and displaced masses of the carboniferous 

Gokwflft'keri 

limestone, and in the gorge opening there upon 
the plain, the rocks are much affected both by slipping and by contortion. 
The dark greyish purple conglomeratic shale representing the “ purple 
sandstone ” in places in the Amb glen is so entangled with the red marl 
as to appear to dip beneath it ; and near this, for 80 or 100 yards, vertical 
white and purple sandstone, red shaly bands and liver-coloured sandstones, 
are crossed by the stream. In a slipped mass perhaps somewhat inter- 
nally disarranged, the following succession occurs : — 


Shaly days and white sandstone layers of the “spedded 
sandstone” group, thickness obscure. 

{Slip or famU.) 


f~8. Greenish grey, hard, sandy shales or days with 
Tuamio ...4 orange hands (very like some of the upper tertiary 
rocks) 

rt 7. Sandstones and silioious limestone 
6. Dark limestone and shales ... ... ... 

6. Dark grey compact limestone with shale hands ... 
4. Black shales 

8. Coarse sandy limestone with occasional black shale 
patches, corals and crinoid fragments ... 
j 2. Black shales, with yellow partings, and small white 
sandy layers 

Stmzwd aunxj z ^ pey .hd* OT ^y,. 


Cabbonifebovb 


Feet. 


200 

P 

100 

90 

12 

5 

15 


From this it would appear that the carboniferous group is growing 
Lower part of oar- thin. Amongst the lowest of its beds here are a 
lwntfero,,B - few dark-coloured sandy limestones with large 

Producti, Fusvlince, too., underlying a thirty-feet rusty, silioious, band 
with 8pir\feri. The junction with the upper part of the underlying 
** speckled sandstone” is thus: — 

Foot 

f Dull earthy compact limestone, with spines of Echi-^ 

nodsrms, Bslkropko* sections, Ac. I 
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Feet* 


Cas^ohivxsottb 

LIMKTOHB— 

eontd, 

SFXOZLK D BA5D-1 
BTOin. 


80 

80 

80 


r Soft» white, crumbling aandy beds end herd banish 
micaceous sandstone ... ... ... 

4 Busty limestone ... 

Greenish sandy earthy beds ... 

a ^ Lavender clay ... ... ••• partly i 

Within the hills northward of the village a large broken tract 
of ground, lower than that on either side, fol- 
North of village. ] ows the direction of one of the faults previously 

mentioned. In this tract there is much of the red marl, some purple 
sandstone, and a broad space is occupied by the “ speckled sandstone 91 
group, the red marl cropping out into the Bazir 
valley. Westward of this ground, the carboni- 
ferous beds have been a good deal eroded, allowing the speckled sandstones 
to appear even high up among the hills. 


BariEr WAn. 


Between GolawHa and Chideru the outer hills are often formed 

_ of the carboniferous limestone, behind which 
Golawfla to Chiderfi. 

stretches a narrow crooked zone of the salt-marl* 
associated with about 150 feet of the " purple sandstone 99 and portions of 
the overlying sandstone group supporting other masses of the carboni- 
ferous limestone. 


East of the village of Chideru these groups occupy the outer face 
chiderfi of the hills along the upper part of which the 

carboniferous limestone forms a well-defined line of 
clifis about 250 feet in height, and on the slopes behind there is a thick 
mass of the triassic beds sloping downwards into a longitudinal hollow 
among the hills. The following is the succession across these beds, part 
of the lfet being extracted from Dr. Waagen's notes. 


The "red marl / 9 "purple sandstone / 9 "speckled sandstone / 9 and 
carboniferous limestone occur here north-east of a fault. South-west- 
wards of the same fault are— 


7* tAassio , 


^Greenish grey maria ... 
Bosty-ootoured dolomite* 
Greeniih grey maria ... 


i: 



M. 
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j-Hard limestone with many bivalves and fragments of 
Ceratite* 

WV WVTCWV tM ••• «•• ••• 

Greenish ferruginous sandy marls and sandstone with 
Gertillia , Ceratite *, and Orthocera* 

*]. Tbiasiic — Hard sandstone with spinose Ceiatite* ... ... ( 

^ Greenish sandy shales and sandstones 

JBellerophou bed, calcareous sandstone .. 

Soft greenish sandstone 

Green marls . ... ... 2 < 

Lower Ceratite limestone 
"Brown dolomitic sandstone with Bellerophon 
Calcareous layer with numerous fossils, Produeti and 
Ceratite* 

abbohi- , yei] ow dolomitic sandy beds ... 

visors. | _ _ 

Grey clays 

White compact limestone 
(.Debris ... 

r Lavender clay .. . . ... ...^ 

>BOX LBI > Bed, grey, and greenish sandstone, with lenticular masses I 
SAjrpBTOiTO. ' of yellow quartzite ; light-coloured sandstones and shaly, j 
„ flaggy bands ... ... ... j 

tmpiiE ( Deep purple sandstones 
BABDSTOXB. I popple ahaly lower part 

Gypseous salt-marl ... ... ... 2501 


6. Cabbohi- 
pzsors. 


6. Spbciuto 
SAJrpSTOFX. 


10 
6 to 6 
60 
1 

20 
20 to 80 
10 


2. PUBPliB 


250 to 800 


The Bait-marl disappears beneath the boulder-zone of the plains 
beyond the faulted lower groups named immediately before this list, 
the ground is chiefly formed of carboniferous limestone the whole way 
across the hills to the Baz&r W&n. 

East-by-north of Chiderii in a country likewise mainly ocoupied 
by carboniferous limestone, the following section 

Trw—ii» section. 

across another part of the triassic beds was noted. 

by Dr. Waagen 


PnXAFS BASS ov, 
JUBAISKO. 


Debris. 

rVariegated sandstones 
| White sandstones ... 

1 Purple and red ferruginous sandstonss with sulphur- 
k coloured stripes ##i *«• ••• 
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7. Tbiabpto 


Hard maty dolomite, with a Cardinia and Anoplophora 

Feat 

8 

Green marls 

8 

Busty dolomite 

8 

Green sandy marls, with thin sandy layers and gypsum 

80—80 

Hard limestone with many bivalves 

8 

Busty sandstone, fucoids 

8 

Grey sandstones with Ceratites, GereiUia, Orthoeerae 

8 

Busty sandstone, with fucoids .. 

2 

\ Grey marls with flaggy limestone ... . . 

2 

Grey marls, nodular marls, and hard limestones, with 
spinoee Ceraiiiee 

80 

Ceratite sandstone, not clearly seen, with extremely large 
species of C. Flemingu .„ 

10—20 

Green Ceratite marls 

00—80 

Flaggy lower Ceratite limestone 

8—6 

Grey sandstone 

6 

Green marls ... 

4—6 


5. Cahbonipehofb 


Yellow soft sandstones, with concretions ; filled with fossils, 
Bellerophon, Athyri$, Dentalium Herculaneum, &c. 
(Top of the carboniferous limestone group.) 


Some of the grey and rusty beds in this patch of the triassic rocks very 
much resemble the upper tertiary sandstone beds, and the white and 
variegated beds at the top of the series detailed may be probably the 
base of the jurassic group. 

To the north-west of Chideni the carboniferous rocks cover nearly all 

North-wwt of Chiderd. the hU1 y an d form besides a small outlying 

hill, opposite to the mouth of the Bazir W4n, 
in which the following succession of beds was observed : — 


CiABonvnon. j 


Feet. 

CS* 'White crinoidal and grey compact thin-bedded limestone.., 86 

7. Bed marbled vehicular limestone ... ... ... 8 

6 . Light-coloured compact limestone, with BoMnue spines and 

Bellerophon ... ... ... " ... y 

6 . Compact limestone ... ... ... ... 10 " 

4. Cherty limestone ... ... ... ... 15 

8 . Reddish limestone ... ... iM ... | 

t Cherty, yellowish, magnesian limestone ... § 

1. White crinoidal and coral limestone, 6 feet seen, but 

“•y £• ... to 
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In the dry stony channel here the banks expose many slips, and 

some of the limestone irf brecciated-looking and 
Mouth of Buir Win. . _ , _ _ _ . _ ® . 

magnesian, certain beds on the left side of the 

channel near its month being crowded with finely-weathered corals, &c. 

Just beyond this a fault, or perhaps two, are marked by the wedging 

into the section of a small mass of the speckled sandstones. Further 

np the stream on the side of the hills next the open stony flat of the 

Baz&r valley, the red salt-marl is exposed, and here some old salt-mines 

are said to exist but to be inaccessible. Small portions of the purple and 

speckled sandstone groups are also seen, much cut up by faults (or slips) , 

and the hills above the right side of the W&n are covered by contested 

carboniferous limestone. 

The Chideru group of hills ends in some Bmall isolated elevations 
rising from the stony zone east-by-south from 

End of these hills. 

Musakhel. The same limestone in these is contort- 
ed, in places rusty, cherty, and magnesian, or pink, whitish, crinoidal, or 
grey ; the hard rusty-coloured bands having small ferruginous project- 
ing pieces of corals, crinoids, or Echinid club-spines ; and the grey beds 
containing sections of Bellerophon or Goniatites and some other fossils. 

The Baz&r river between these Chideru hills and the narrow part of 
the range from Sakesar north-westwards does not seem to flow out at 
the natural mouth of the valley, but turns to the south and escapes 
through the hilly country towards the Thar and the Indus plains. On 
this side of the glen at the upper waters of a tributary branch of the 
main stream, is the small mas9 of the cherty nummulitic limestone previ- 
ously mentioned, faulted into the carboniferous limestone and nearly 
surrounded by it, without any appearance of the intervening beds. 
Whatever the process by which this mass became so placed, it must 
have undergone considerable disturbance, for its layers are much con- 
torted, being in someplaoes vertical and in others horizontal. 

Where this Bazir river-valley beoomee contracted and hilly, the 
Where vsiiej Hm n stream flows between high banks of the carboni- 
contrected. ferous limestone above which, on the side of the 
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glen forming the north-western extension of Sakesar, the trimie, 
Jurassic, and nnmmalitic formations dip at high angles to the north-east, 
the following being the general arrangement of the rock*) 


Feet. 


11 Numxulitic 


9 Jubabsic 


7. Tbiabp* 


C Nummulitic limestone .. . . 

800 to 400 

( Soft light-coloured calcareous clays 

65 

f White and rod and rusty sandstones alternating with 
purple and haematitic shaly beds 

230 to 800 

Yellow earthy beds 

90 

" Light-coloured sandstone and red shale... 

100 

Rusty-yellow sandy and clayey beds 

86 

White coarse and fine sandy beds 

120 

Green shaly _ and, flaggy limestone and sandstone 

beds ... ... • • ... 

300 to 860 

Carboniferous limestone 

260 to 800 


The groups below the carboniferous where this valley opens 

Ridge from Sakesar to P reBent a different appearance from those to the 
NamaL eastward of Amb. The red salt-marl is sucoeeded 

by dark brownish-purple splintery conglomeratic clay; the pebbles 
being of red granite, quartzite, amygdaloid, trap, and so forth, the 
metamorphic varieties predominating ; so that it would seem as if the 
“ purple sandstone ” was not only growing thinner to the westward, but 

Change in purple also hanging it® character in a north-easterly 
sandstone group. direction, the usual type of these beds being 

generally found along the outer or southern side of the hills ; but the 
conglomeratic shaly mass (for there is but little stratification in it) being 
developed at a distance of a few miles, and more within the hills. It 
must, however, be observed that no good example of transition has 
been detected, even though the conglomeratic shale occurs dose to some 
of the "purple sandstone" beds at Oolawdla; hence I cannot assert 
that these conglomeratic shales are absolutely a part of the lower purple 
sandstone ; they might just as well belong to group No. 5. 

Just above these boulder-beds, which vary a good deal in thickness, 
being sometimes 100 feet or even more, there is frequently a fifty-feet 

( 251 ) 
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band of green conglomerate, likewise formed of crystalline fragments 
„ _ .. , and above it, here and there, are seen peculiar 

Carboniferous layers. r 

black, powdery, carbonaceous, shaly or coaly 

layers, from a few inches to nearly a foot in thickness. These are 

_ , . again overlaid by the lower coarse white sand- 

Gencral observations. 

stones and red earthy alternations of group No. 5. 
The carboniferous limestones succeed ; the upper lavender clays of 
the inferior groups are not so strongly represented as to the east; 
and the overlying limestone is frequently dark and thin-bedded, the 
whole carboniferous group being apparently thinner than previously. 
The triassic beds present their usual character, with perhaps less ol-the 
greenish marly shales; but the jurassic formation has increased, its 
strong white sandstones contain quartz pebbles, and its more flaggy 
beds many obscure plant fragments. The lower soft white beds of the 
nummulitie limestones are Btrongly developed, the whole group is 
much oontorted towards Sakesar, and the junction of the nummulitics 
.with the overlying sandstones is concealed. 

From the place where the Baz&r valley commences to open, onwards 

to where the narrow part of the range is crossed 

M6sakhel. 

by the Bakh ravine between Namaland Mdsakbel, 
the red salt-marl is but little seen, and the overlying rocks show a 
tendency to form an anticlinal curve, the lower strata on the south-west 
side of the ridge being more or less nearly horizontal, but the dip 
increases as the ridge is ascended, until at the crest (which partly 
coincides with the lower boundary of the nummulitie limestone), the 
wholfc of the beds dip at 45°, 50°, and 55°, to the north-east. Above the 
left! bank of the Bakh ravine, the summit of the ridge is formed by the 
jurassic beds here containing bands of limestone, in addition to the rocks 
above mentioned. The nummulitie rocks still keep their high angle of 
dip, and the lower parts of the tertiary sandstones run upwards on 
their steep slopes. These two last groups form a deep longitudinal valley 
with almost inaccessible sides, excavated along the strike of the softer 
tertiary beds. The north-east side of this long valley is capped at a 
(. ) 
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height of about 1,150 feet by a thick unoonformable patch of ooarse 
conglomerate of much more decent aspect than the grey and greenish 
tertiary sandstones underneath it, and probably of poflb- tertiary age* 
The escarpment of this conglomerate, which is more sandy below, forms 
cliffs of nearly 100 feet close to the town of Namal, which is built upon 
it, and a smaller portion of the same deposit, showing the uncon- 
formity still better, rests above the opposite bank of the stream (see 
Plate XXIX). 


The Bakh ravine here gives an interesting and complete section 

through all the beds forming the narrowest part 
Bakh ravine. „ _ _ _ r 

of the range, from the carboniferous limestone 

upwards. Tt is not, however, practicable to follow the stream the 
whole way through the gorge, on account of the precipitous character 
of its channel. On the Namal side the highest rocks seen are the 
unoonformable conglomerates just mentioned. Underneath these is a 
thickness of 1,200 feet of grey and greenish tertiary sandstones, with 
the usual argillaceous beds, dipping north-eastward at 00°, in immediate 
and parallel contact with the upper surface of the nummulitic lime- 
stone. Rather lower than half-way down in this limestone is a 
strong band of black, coaly and pyntous shales (see fig. 47) ; and the 
underlying part of the limestone is as usual lumpy and nodular. Just 
at the base of the group are some beds filled with fossils of the Val Ronoa 
eocene type,* very few of which can be extracted from the rocks. 


Below these are ferruginous white and purple sandstones, yellow 
mud-stones, yellow earthy limestones and coarse sandstones of the 
jurassic rocks underlaid by the greenish shales and flaggy limestone 
beds of the trias, the carboniferous limestone forming an anticlinal arch 
below all. The section is as follows (see fig. 48, Plate XXVIII) .*^~ 


18. POBT*TXETI' 
AST. 




18 . 


TbBTIABT C 

eilbsxofers.1 


Strong sandy conglomerate 

Unconformity. 

Grey and green sandstone with some reddish and greenish 
day hands 


Feet 
SO to 100 

} un 


* According to Dr, Waagen. 
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Feet. 

r White And pink marble ... ... ... 100 

Thin-bedded white cherty limestone ... ... 80 

White limestone with black chert ... 50 

White and grey calcareous shales, fossils scarce, Gastro- 
pods and crustacean fragments ... ... 100 

Black pyritous and coaly shales ... ... 150 

Darker limestone and grey shales with pyrites, beds lumpy 

below and one sandy bed : about ... ... 60 

11. NmafULiTio ' Yellow and white sandstone, no fossils 9 to 10 

Grey clay with three layers of brown sandy limestone, 
small Ifvmmulites very scarce, Nautilus, Nerita , Turn- 
iella , Nmtica, Crasatella, &c., difficult to obtain . . 15 

Cavernous brown sandstone, no fossils ... ... 

Grey clay with gypsum, large oval concretions and hsema- 
titic veins . . 40 

-Haematite ... .... .6 


617 

White and yellow splintery limestone with many jmair 
fossils, Nuaula , Natica, &c., 15 feet 
Variegated reddish and light-coloured sandstones, dark y 200 
grey shales and flags with plant-remains u* bad pre- 
servation 

Yellow limestone, grey inside, crinoidal below, earthy and 
9. Jubamio ...< magnesian in places ... ... 150 

Grey and variegated hard sandstone, thick white ferrugin- 
ous and banded sandstone ... ... ... 80 

Dark micaceous flags and soft and hard white sandstone, 
conglomeratic in places j dark grey and yellow crinoidal 
limestone bands in the above ; grey, white, and purple 

L sandstones, limestones, s hal es and flags ... ... 100 

630 


Thin grey limestones ... ... ... 0 

Sandstones ... ... ... ... 8 

7. Tbiamzo .... Thin grsy limestones with Ctattim ... ... 13 

Calcareous sandstones and g yp se o d s shales, weathering 
green, Gmtfifcs ... ... ... 250 


277 
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6. ClBBOVinSOVS 


f Thin-bedded lim^tone* and Bhatof, sandy limestones, ttfofc- 
j bedded black and dark -coloured limestones, with a few 
j shales, Goniatitet, Orthooertu, Spirffer^ 
t FenuUUa, Ttrebraimla, Crinoids, Ac. ... ... 


fart. 


no toFOO 


The principal differences between this section and those of the coun- 
try previously described are, that in the jurassic formation a strong bed 
or zone of limestone is present, and the coaly shales of the nummulitio 
group, instead of occurring near its base, are at a considerable height in 
the formation, showing a lateral change in the earlier conditions of 
that period. The hot and sulphurous springs of this rBakh ravine 
have been already mentioned (page 48) ; they do not seem to be directly 
connected 4Jgth the presence of any particular formation, ,as they occur 
in three of these — the carboniferous, jurassic, and nummulitio groups-** 
in different parts of the ravine. 

The tertiary sandstones north of the ravine have a white, saline 
efflorescence, which may also be observed where the stream traverses 
the jurassic beds. At a height of 450 or 500 feet (by aneroid), over the 
right cliff-bank of the gorge, rounded river-pebbles were found in sufficient 
quantity to suggest their having remained there since the stream ran at 
that level. For about nine miles in a north-westerly direction, along the 
North-west of Bakh Namal ridge, the nummulitio limestone retains its 
ravme * steep steady dip to the north-east (fig. 47, Plate 

XXVII), and its hard beds form scarped projections overlooking longi- 
tudinal valleys out out of the softer bands to the south-west. High 
ground on the western sides of these valleys is occupied by the jurassic 
rocks, and below these the triassio and carboniferous groups are much 
disturbed, broken, and concealed, small masses of the “salt-marl” and 
adjacent sandstones being introduced by faults among the sandy ant 
compact limestones with F*$uli*a, fee., of the carboniferous group. To 
the eastward of the ridge the ground forms part of a wide, flat plain, m 
which, for want of fell, kindd&ns have not been excavated bf thy 
atmqsphdkie waters. Behind the village of Bddi-khel thegypseeuk ^ hit* 1 
mail” forms a hill 350 feet or so in height, at the back of which m * 

( ) 



456 WYNNE: GEOLOGY OF 1*HE SALT EANGE IN THE PUNJIb. 


considerable quantity of the dark conglomeratic shale, with metamorphic 
pebbles, forming or replacing the lower part of the “ purple sandstone " 
group. 


The water used at this village is brought from a glen about a mile 
. and a half to the northward, in which the thin. 

Bddi-khel. 

bedded, brown, rusty, fossiliferous and grey lime- 
stones of the carboniferous group are seen, resting immediately upon 
the upper clays of group No. 5, here brightly coloured and variegated, 
a band of grey clay coming next below the limestone. In this glen 
also some of the red gypseous salt-marl is directly in junction with 
beds of the " speckled sandstone ” group, all the rocks being mifch dis- 
turbed. In the hills above, the white and grey shaly clays of the 
nummulitic group have again hard limestones both above and below 
them ; and in the juraBBio group below, ferruginous, purple and white, 
flaggy or solid, fine and coarse or conglomeratic sandstones s%matd 
with hard yellow marls, or lithographic limestone bands, containing 
brown ciystalline hsematitic nodules. The triassic group occurs in its 
usual place, and a large tract among the interior hills is occupied by the 
carboniferous limestones, &c. 


In an angle of the hills about two and a half miles north-west of 
Bddi-khel is the Shuriwdli glen, round which the 

pfamiwali glen. 

carboniferous, triassic, and jurassio formations 
bend in a horse-shoe form. Beneath the oarboniferous limestone some 500 
feet of the “ speckled sandstones ” crop out. They are dull crimson and 
white;, variegated and grey, with purple bands above, while the lowerpart 
is a nulls of dark oonglontefatic shales and days, with green layers and 
.. bbmk carbonaceous bands. The junction between 
tih ess beds and the underlying highly gypsecfae 
jpd “efjdt-marl ” \ 0 very i«dittmot,emd there are imitations of one or two 
narrow bands of the red marl alternating with the lower part of the 
conglomeratic stale. It is, however, hard toapeak with certainty 
of s^ lae&tytant end soft* mass in a country where* dislocation prevails to 
theeftit which it does all along the outer bills of this neighbourhood. 
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An old mine occurs here, said to be in red s^lt, but it las not bien 
worked for many yean, and the ground having 
Sa3t ' slipped, the mine is inaccessible. The reeks around 

this glen dip at high angles on all sides away from the exoavation. 


Section XII.— Tbedian Hills. 


Tredian. 


The ridge from Namal expands where it joins the Tredian hills, and 
the nummnlitic limestone which forms the steep 
eastern slope of the former spreads out with many 
undulations and contortions over the higher ground. At Che termination 
of the Namal ridge west of Thlmbaw&li, a narrow, sharp, anticlinal 
curvature of these limestones occurs, a synclinal 
Tho height*. between this curve and the main nnmmulitio mass 

being occupied by the tertiary sandstones faulted against the latter. 
On the opposite or western side of this mass faults also occur, dropping 
portions of the nummulitic limestone among the Jurassic rocks, which 
here, partly from increased thickness and partly from undulating hori- 
zontal extension, occupy a much greater space than they do anywhere 
else on the range. These rocks consist of coarse conglomeratic red 
and white sandstone, red and variegated day, ferruginous sandy beds, with 
obscure plant fragments and yellowish or grey cdoareous mudstone or 
fine-grained earthy limestone, like lithographic stone. (The red and 
white and ferruginous rooks of the Tredian hills present striking litho- 
logical similarities to the jurassic rocks of Kaohh (Catch).) 

Borne hard limestones in these beds form a horizontal eeoafpmfcnt 
overlooking Btidi-khd from th^ norti£#erft, and 
among other obscure traces Of fossils eoa&n a few 


Towards Ms. 


fragments of drongly-ribbed Ammonites. At the foot of' the escarp- 
ment the Ceratite beds of the trite occur, following the smuope Mgin 
of the jorassio group to the north-west, and surrounding Sotie cafe* 
lying^ patches of that formation resting on the cariboniferous jhneot anp 
hills over 6wds. Hie outer edge of the latter formation, the wfcqle way 
from the Suriwili gorge to Bwfe, is greatly broken aad dfckrtaiact fr»nis 
i* ( *17 ) 
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times extending 1 outwards to the plain and sometimes interrupted, allowing 
the “ red salt-marl " and the overlying " speckled sandstone 99 groups to 
appear below it ; but the “ purple sandstones, ** unless represented here 
and there by the dark conglomeratic shales with crystalline blocks (as 
at Sw6s village), are entirely absent (See section, fig. 50, PL XXVIII.) 


In the neighbourhood of Sw&s the whole of the rooks are greatly 
g contorted; they are very often vertical or even 

inverted, the carboniferous limestone here making 
some of the roughest and most impracticable country in the range ; but 
the general succession and the dip of the rocks is from south-westward 
to the north-east and north-north-east. The trias is less sftbngly 
developed than before, and much less in thickness than the jurassic 
group. The carboniferous limestone bills are often capped by the 
lowest beds of the trias, and fine precipices are composed entirely of 
the former, Tte “ speckled sandstones 99 still have their accompanying 
days above, while beneath them is a mass 150 feet in thickness, 
of the purplish black conglomeratic clay with metamorphic pebbles, 
associated with and underlying which is the gypseous red salt-marl. 
(See sections, figs. 50 and 51, Plate XXVIII. ) 


Further north-west the triassic beds may average only about 100 
feet in thickness. The carboniferous limestones 

flnAMMinw QMr GharL 

below often contain mneh chert, both black and 
white; while grey conglomerate* and sandstone bands occur in the dark 
conglomeratic purple day above the salt-marl. In this dark conglomer- 
ate hum sear Ghari some grey limestone pebbles were observed, and 
else lay** of a calcareous nature with thin shaly bands, the dark ear&y 
lower portion bang 188 feet thick. Immediately over the earthy part 
is a large boulder-conglomerate containing blocks of granite, syenite, and 
other crystalline rocks two feet in diameter; this conglomerate, if it has 
not slipped upon itself, may be 185 feet in thi ck nes s . The speckle^ 
sandstone snooeeding is not particularly well exposed. 


Ihecarbo ni fero n s limestone is thinner-bedded and Inf darker odour 
than usual; it is magnesian. in places, and contains brown sandy bands 
( «8 ) 
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and a fine dark shale in its lower parts* Produoti, Spirtferi, Gorak^ and 
several other fossils occur in 4 } w 

Overlying this group are 100 feet or so of flaggy limestone crowded 
with sections of Ceratiies, Belleropkon , &c., and pMsing upwards into 
80 feet of shales, weathering to a greenish day, and containing thhft 
layers of limestone and flaggy sandstone, hard and ragged, with a nnelid 
tracks and other markings on their surfaces* Among these some more 
prominent bands of sandstone also occur, the whole representing the 
triassic group. 

In the lower part of the jurassic beds, a thiok, rusty. soft sandstone 
contains carbonaceous markings, and a few plant fragments sometimes 
resembling* fronds of ferns. These are more numerous, though still 
indefinite, in a two-feet bed of shale which overlies the sandstone 
and passes beneath some hard calcareous bands, the whole, so far, 
being about 110 feet in thickness. Above these beds are £30 feet of 
grey and yellowish, compact, splintery, cherty limestone, overlaid by 
the upper, sandy, flaggy, rusty and variegated beds of this jurassic 
formation, in which contortion and crushing often obscure the succes- 
sion. In the very highest part of the group are 60 or 70 feet of 
dark, compact, fossiliferous limestone, full of bivalves, succeeded by 
10 feet of lumpy, grey, compact limestone containing Corbula, and 
divided by a few bands of greyish calcareous sandstone. A small blank 
space then occurs in the section, above which are red hsmatitio and blue 
shaly bands, passing up into 80 feet of thin, earthy, numxnulitio limestone, 
immediately succeeded by 800 feet of the more solid beds of that 
formation, which seems in this vicinity to have much mqpt than its 
usual thickness. 

One of the wildest glens in the country* is that called the Baxgtr 
B«vgfr kai and It is not practicable to ascend this ravine 

neighbouring Ml is. from its moufb, the way being barred by clifBi of 

• flfci hffli on the •onfch-weet aide of the Trediaa group bdwwn the neighbourhood 
of Ghoii end'thet ef 8wds aeon, in eddHion to nuum others given than, to pomm the 
two hums "MU” end * Botgir.” 
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the carboniferous limestone which near this runs out upon the plain f 
but the upper part may be reached by ascending over some "red salt- 
marl/ 1 up a slope of the “ speckled sandstone,” No. 5 (the intervening 
"purple sandstone" being absent), edged by cliffs of the carboniferous 
beds which dip towards the valley, and support the shaly and flaggy 
beds of the Ceratite-bearing tries. The latter being passed, the 
variegated and calcareous beds of the jurassic formation are reached, 
the section, so far, being as follows, according to my own observa- 
tions and some notes of Dr. Waagen's made in this neighbourhood : — 


Groups. 


No. 9, ( 


No. 7. 


/Variegated beds of the jurassic touch broken up 
Yellowish marly layers ... 

Compact splintery limestone, doloudtic, brecciated, light grey, 
yellowish or reddish (this rook would make a pretty marble) 
Yellowish red sandy limestone or calcareous sandstone, con- 
tented 

Two beds of rusty limestone ... 

White sandstone, flaggy in upper part 
Grey and rusty limestone with many bivalves 
Thick-bedded red sandstone 
\ W hit i sh thin-bedded sandstone 
Glauconitic pisolitic limestone, the grains of lime not iron, 
CeratUeM and Shynehondlm 
(In fhia band is a bed of conglomerate, mostly of huge lime- 
stone fragments, some of crystalline rocks.) 

Greyish-green sandy marls ... ... ... 

Lower Ceratite limestone indistinct and mostly concealed by a — 


Feet 

$00 to 30#- 
15 

100 

60 

6 

80 

10 

15 to 20 
3 

10 


50 


Upper carboniferous, very slightly developed but full of fossils 

Compact carboniferous limestone, more than 

Dolomite i«l ••• ••• ••• ••• 


No. 6. 


No. 5. Lavender day. 


6 to 10 
100 
60 
? 


Further up the ravine leads through a natural tunnel made by the 
etroam through a mass of the carboniferous limestone, introduced 
by faults os dips. Beyond it the jurassic rooks are again reached, 
occupying one side of the valley, while high up on the other is the, 
( ««0 ) 
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escarpment of the nummulitic limestone. Among the highest of the 
jurassic beds here the follow)^ were observed, dipping at 85* to north- 
by-east : — 


Group. 

/Variegated red and white sandstones ... ... 

' Yellow clay rock ... ... ... ... 

Clierty compact limestone ... ... ... 

Soft sandstones With black shale lay ore, carbonaceous mark- 
No. 9. { ings, and yellow partings 

Yellow brecciated limestone ... 


Bine shale with grey flaggy layers ... 

Hard calcareous sandstone and limestone, magnesian, yellow 
and crinoidal ... ... 

'Soft white sandstone, blue-black ana grey shales ... 


Bn*. 

180 

19 

160 to 200 

15 

16 
9 

90 

5 


From the upper part of the above list there was room for 200 feet 
of beds before reaching the base of the nummulitio limestone, in 
which space only a tweuty-feet band of red clay, was exposed. Blocks 
of grey gypseous clay or shale, probably from the lower concealed 
nummulitic beds, lay about the ground. It is very probable that some 
part of this section is represented in that previously given, but the 
whole of the jurassic group may be fairly estimated at from 550 to 
somewhat over 600 feet. The trias formation was estimated in thi? 
country at 90 or 100 feet ; it is composed of dark grey or greenish shale, 
and thin limestones as usual, the junction with the jurassic beds in 
another place being as f ollows : — 


Feet Inches. 

^Light-coloured purplish sandstone alternating with 

dark-grey shales ... ... ... 90 O ^ 

Lumpy thin limestone with shell fragments ... 9 0 

B lac k shale with a lenticular bed of sandstone ... 2 0 

Black shales, grey flags, and white sandstone 
flaggy parts with obscure plant remains . M 90 0 

.Grey shales and flags ... ~ ... 90 O 

Tfr e Tbiamio f Wn limestone, shaly and flaggy with CmOUm ... 60 O 
Ishaly and flaggy beds 

... .M 60 O 


No. 7. Lower 
pass or Juras- 
sic 


Comparing this with the foregoing sections, it will be seen that within 
short iistahces these jmfessic beds tie liable to a considerable amount 
of change. Although not prominent in tiie ground so for described, there 

( Ml ) 
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is still to be noticed a thin calcareous band of golden oolite, entirely 
resembling that found in Kachh, and here also fossiliferous, with indefi- 
nite bivalve shells. This band lies between soft, white, red or yellow 
sandstones, with many obscure plants, and some compact limestone, 
with red and yellow hard argillaceous bands. It was found over the 
right bank of the Bargir kai, not far from the place where the passage 
up the glen is first interrupted. 

North of the latitude of Ghari, the whole series of the Tredian 
hills strikes north-west out upon the plains, the boundary of which 
here takes a northerly direction ; but a faulted local anticlinal curva- 
ture of the rocks towards Khyrabad again exposes 

KuTMutd* 

below the prevalent nummulitic rocks, the 
jurassic, triassic, and some of the carboniferous beds. The axis of 
this anticlinal has an oblique direction differing by some 15° from that 
of the margin of the hills, so that the lower beds are exposed along the 
outer edge of these for a couple of miles, the carboniferous strata 
making a feeble effort to form the usual clifis capped by the triassic 
and jurassic formations, overlaid in turn by the nummulitic beds. 
The section seen here* is — 


No. 11. Ntjhituli* ( Nummulitic limestone (coaly beds not seen, perhaps 
TI ° •' l covered by debris at junction). 

( Yellow and brown maria badly seen ... 

Variegated sandstone 

Glauconitic sandstone, with numerous Belomntte and 
Gryphon in lower portion 
Grey day, badly seen, canaliculate Btlemnite 
Grey and yellow limestone, with irregular lenticular 
mo— IBs of golden oolite, Bhynehonellm, Torobratolm, 
ArttOm, Ammonite (fragmentary), and canaliculate 

TO af asm sad/— 

Aissoivvwvfm see see ••• ess 

Variegated esrtftitonee ... 

Yellow and grey limestones, with numerous fossils which 
cannot be got out ... ... ... 

(Variegated san d s ton es, with ooely bends ... ... 


No 0. Jvbasbio 4 


Feet. 


60 

20 

80 

6 


80 

8 

80 

80 


• Tbfjsection is taken from Dr. Waigen’s notes* 
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Yellow and bro+i tandy limmtone. with irrepofcr Uyew ? 
of golden oolite within ten feet, J&ynckendim and 
Belemnites ; f oaails rare ... , ... ... 69 

Yellowish fine sandstone ... «• ... 10 

No. 9. Jubasbio, — 'White coarse sandstones ... ... ... 90 

eontd. Rod and purple coarse sandstones ... ... SO 

Brown and reddish splintery hard limestone, partly sandy* 
partly dolomitlc ... ... ... ... 10 

Grey vesicular dolomite, with casts of small bivalves and 
- gastropods ... ... ... ... 60 

Space of a quarter of a mile occupied by (discordant P) 
soft orange and greenish sands and marly beds easctly 
like some upper tertiary beds: place and relations 
obscure : thickness fifty to eighty feet. 

Variegated sandstones and marls (jurassic P) faulted. 

'Very hard, brown sandy limestone and sandstone ... 100 
Space covered by debris. 

m Glauconitic limestone, with CeratiUa ... 6 to 10 

No. 7. Tbiab .. < 0 _ . . , 

Sandy marly bed ... ... ... i 

Thin-bedded brown limestone, with RhynckonMa and 
< Ceratitea ... ... ... im 3 

/Grey sandstone, with Bellerophon and Dentalium, badly 


No. 6. Cabbojti- 
fbuoub. 


Carboniferous limestone, compact and full of fossils, w hich 
in the upper portion are very difficult to extract. 


On the western side of the hills here, particularly along the B&rki 
Khyrabsd him. nulla, there is a thick deposit of rnbbly stream- 

like conglomerate and day, forming diflb 200- 
feet high, the fragments being of the local rooke. A couple of 
small mound-like hills near Khymbad are formed by breociated (and 
mag n esian?) limestone, with some sandstone and shales of the 
jurassic group, indicating the direction in which tlm ^ root, p^, 
into the plains. The mass of the hills here is cat off from tho se towards 
Min, by the open valley of a nameless river ooming from the 

hills towards Jibs. On the south-eastern side of this gap the massive, 
thin-bedded, and lumpy foyers of the nammulitio limest o ne am mm 
to dip pretty steadily towards the east-north-east at 80*, 
heavy masses of light, dralwioloured, gypseous day, which lie aloqg the 

( *M’> 
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north-eastern flanks of the hills. The origin of this gypseous clay is not 
clear. It appears again in the neighbourhood of faulted ground, on 
the northern side of the gap which separates these hills from those 
near M&ri, and it may he traced at intervals on the north-east flanks of 
the Tredian hills as far as the petroleum spring behind J&ba (west). 


The north-eastern aspect of the Tredian hills is generally abrupt 
North-eastern side of an ^ steep, the undulating nummulitic limestone 
TredianhillB ' dipping at high angles beneath the tertiary 

sandstones of the Potw&r or Rawalpindi plateau. The latter rocks are 
exposed at several places dose to the flanks of the hills, those beds nearest 
the nummulitic limestone being as usual greenish and grey sand- 
stones ; in places containing small pebbles, purple pseudo-conglomerate 
and red and greenish-grey shales, of the (locally) lower division of the 
tertiary sandstone group. These beds extend with many alternations 
along the base of the hills ;* they are about 1,000 feet thick and are 
overlaid by the red, soft, clayey zone, here having a thickness of 1,200 or 
1,400 feet. The softer grey sandstone and orange clay beds succeed, 
occupying the rocky portion of the neighbouring plateau and forming 
the sides and mass of many of its khuddera a. 

Towards the base of the red tertiary zone in the lower sandstones 
and pseudo-conglomeratic beds, only imperfect fragments of bone and 
one part of a reptilian tooth were found, the Beareh for fossils in these 
rocks being generally almost fruitless. 

In the neighbourhood of J6ba west, on the north-east side of the 
Tredian hills, and five miles from their termination, 

Petroleum. 

are the two petroleum localities referred to by 
others and fully reported upon by Mr. Lyman (Report on the Oil 
Lands of the Punjab, p. 88 et seq.). The oil comes from that part of the 

• Detailed sections of these rocks measuring about 1,000 feet each are given by Mr. 
Lyman and Mr. Theobald, the former near J£ba west, the letter new Jabbi (see Mr. 
Lyman*s report, p. 89, end Mr. Theobald's paper, p. 971). As the word “ alternation " 
expresses almost the whole character of sections in these greenish-grey and red sandstones 
and days, time was not token op in measuring them. 

f 264 ) 




JABA OIL SPRINGS T P ^ D I A N PA if- \APL E F t P A N K «F I H C 



rttKDlAK HILLS. $54 

nummulitsic beds which forms their last undulation before pas sing 
downwards at a at asp angle beneath the plateau. Hie petroleum issues 
out of a aone ftom*$0 to 150 feet below "the top^of the lime took 9 * 
according to M|. Lyman ; but when I visited the place, it seemed te 
spring from a position nearer to the uppermost layers of the Hmesfeonie* 
How*deep-seated the sources might be, there were no means of deter* 
mining. The oil is at first green, afterwards changing to blaok, and the 
amount capable of being collected here from both localities was little 
more than one gallon daily. The springs are situated at the edges of 
the channels of the Chota and Bora Katta brooks, as they leave the 
hills, and just where these hills rise steeply from the lower ground. 
The oil-tarings are so near the water— on which, indeed, much of the oil 
floats — that when these streams are in flood the whole accumulation of it 
is washed away. The oil does not issue by itself, but accompanied by 
water, and the locality would be a good one for making trial borings, as 
suggested by Mr. Lyman, though the existing springs are ill situated on 
account of the loss occasioned by floods. (See fig. 52, Plate XXX.) 

The bed of the sandstone series which immediately succeeds the num- 
mulitic limestone is itself calcareous and concretionary, containing a 
few nummulites and bearing more or less resemblance to the pseudo- 
conglomerate layers higher up in the series. 

Native sulphnr was formerly collected at J6ba from gypseous day 
deposits close in the vicinity of the petroleum springs, the water of 
which is charged with sulphurous gases ; but when I visited the locality, 
the places pointed out, on being dug into, yielded only mioraoopio grains 
of a yellow mineral which might have been sulphur. The presence 
of the sulphur here and the gypseous nature of the superficial day 
suggest the ageuoy of sulphurous springs as a cause for the similarly 
gypseous condition of the great clay mounds before mentioned along the 
base of the hills north-by-west from this place. 

ffetwleo Kbyrabad and Mirithe older rooks form only low and not 
oonfinuoto* bills along the margin of the plains, 
MMndgUKMTbood. frtlu&d being th. Mte-hffl of Hfci, to* «h» 
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principal elevations of the neighbourhood being well-marked escarpments 
of the tertiary sandstones cropping to the south-west -and dipping in an 
opposite direction at angles of 20° and upwards to 45". The whole space 
is traversed by complex and often obscure faults, abnormally placing 
fragmentary portions of the series inconsecutively among othem. The 
continuation of the range is here indistinct, the highest ground being 
a parallel ridge, three miles to the north-east, formed of the tertiary sand- 
stones, &c., dipping in that direction, generally at low angles. Coming, 
as it were, from beneath these to the south-west are various red and grey 
sandstone and earthy beds, among which the red pseudo-oonglomeratic 
bands contain small bone fragments and sometimes fragments of croc£r 
dilian teeth. These were observed at the foot of the gh&t, on the road 
from M&ri to Niki, eastwards of Sumbla-ki-V&ndi. 


In the neighbourhood of the latter village the beds of the tertiary 

red zone predominate, undulating at low angles, 
Sumbla-ki-Vfindi. t 

and being out off near Ainwa by a fault from the 

InduB towards the village of Khyrabad. This fault appears to be a com- 
pound fracture made up of many breaks, and enclosing within a mile 

_ .... southwards from Ainwa a little of the " red salt- 

Nnmmnlite* in lime- - 

ttone-paVUn of terbmrj marl” containing some rock -salt. The lower part 

oongiomermte. 0 f jj, e greyer sandstones westward of this fault 

is much contorted, and- contains bands of conglomerate in which lime- 
stone-pebble* full of nommulitea occur. 


Further southward along the ran of the fault ia a high mound of 
the drab gypseous day previously noticed, appearing reddish near its 
base; and yet further on, near the month of the S umbla-lri- V dndi valley, 
the fault seems to include a broken brecciated mass of the nummulitio 
limestone, forming a small hill. 


Just near this piaoe, towards the plains, are some small exposnw s of 
the gypseotu salt-marl containing rock-salt and associated with reddish 
like tkoee of group No. 5, and dark conglomeratic shale or 
olay with the ostud metamorphia pebbles. Hen the earthy matrix of 
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the pebbles weathers and breaks up very much as an earthy tray- 
rook might do. These oiobr rooks are faulted oh one side against 
tertiary sandstone** fee., and on the other against low* reefrHke, breoci- 
ated masses of the nummulitie limestones boydering the jriaips* 
Northwards of this faulted area the low ground is edged for a m3* 
or so by the tertiaiy sandstones and red or reddish days, but beyond this 
distanoe the road into Mdri leads through a defile, on the eastern side of 
which are high cliffs of the same s&ndstones, &c. ; while on the west is 
a narrow, broken, ridgy mass, a mile and a half in length, of the lower 
nodular nummulitie limestone with some of the jnrasrio beds. These 
rocks are strangely smashed and wedged on their eastern side among 
the tertil y sandstones and clays ; they are bordered by a stony low 
bank of debris towards tbe plains to the west, while they abruptly ter- 
minate to the north against the salt-hill of M£ri, with the intervention 
at either end of the line of junction of small fragmentary portions of 
the tertiary sandstone group. 


The M&ri salt-hill is an isolated mass of red rook-saltf and gypseous 
d VM, . owl, having an area of somewhat more than half 

a square mile, and rising from the left (or south) 
bank of the Indus to a height estimated at between KOO and 600 (more 
nearly 640) feet. All round the hill, salt and gypsum are seen at 
intervals in the marl, the stratification of which is extremely obscure, 
but indicated here and there by certain hard flaggy or thin-bedded 
dolomitic zones with dark shaly partings, these being nearly always 
highly contorted and impossible to trace for more than a few yards. In 
the harder of theee bands, cavities an sometimes seen, perhaps formerly 
occupied by cubical salt-crystals, or crystals of pyrites; and sometimes 
the beds contain Uaok, apparently easbonaoeons, markings. Thetis 
flaggy cones aim generally associated with gypsum layers and sometimes 
with beds of salt, but thqy appear more frequently below than above thb 
tafe-bedn They are often several feet or in places even a few yard* he 
VtiAaamk. The salt-beds vary considerably, up to 80 feet ; they am of 
tbs usual red or white salt, and ih many exposures ' seame d to be eejrthj 
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or impure ( Kalar ). On all sides of the hill the stratification, where 
seen, appears to he greatly crushed and folded ; besides which, slipping 
of the rocks has evidently taken place frequently, sc that it is impossi- 
ble to be certain whether the greater part of the hill is formed of salt 
and gypsum, or whether contortion and slippage have not multiplied the 
appearance of one large and important group of salt-beds. At the time 
the place was visited no salt-mines were open, but there was abundant 
evidence of old workings and an enormous quantity of the mineral 
showing at every side of the hill. The atmospheric waste of the salt, 
and consequent displacement and confusion along the outcrop, make 
many parts of the ground not alone difficult to understand, but fle- 
quently inaccessible. (See fig. 53, Plate XXX.) 


Quarts crystals. 


At many places on the hill, but by report in some more than in others, 
the gypsum contains numbers of small bi-pyra- 
midal crystals of transparent or slightly reddish 
quartz, frequently of great beauty and regularity. They are sometimes 
known by the name of M6ri diamonds, and are used for ornamental pur- 
poses by the natives. The quantity of these must be enormous, to judge 
from the extent of ground at the foot of the hill which glitters with 
reflected light from their facets. Near the summit of the hill, and lower 
down on the M&ti side, are some old Buddhist temples in ruins, having a 
more than usually antiquated appearance in consequence of being built 
of blocks of calcareous tufa, which occurs in situ not far off, and which 
probably hardened on exposure to the atmosphere ; otherwise its dura- 
bility would appear strange. On the opposite bank of the Indus be- 
neath this hill the continuation of the salt-marl may be seen at the base 
vswMg i. but of the °* * much higher elevation, and the thin flaggy 
and shaiy zone, vertical and greatly twisted on 
the Miri bank, as far as it can be followed by the eye on the other side 
of the river, seems to form an open, contorted, synclinal bend, beneath a 
thick but broken band of salt, partly eonoealed and not continuous. 
Immediately overlying this salt and its associated marl are soft, gteeuish- 
gvey and orange, dandy and clayey tertiary beds, thrown into bold 
( M8 ) 
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curves, cut off above by a line inclined to the east, coinciding with the 
base of a thick unoonfonnaole capping of coarse conglomerate, chiefly 
composed of limestone pebbles. (See fig. 54, Plate XXXI.) 

The sketch, fig. 53, Plate. XXX, will serve to show how little stratifi- 
cation generally appears in the marl, and how 
Stratification of nuL _ _ 

strongly this shows itself when the thin-bedded 

dolomitic bands and shales are present. The nearly horizontal beds, to 
the left over the salt-chowki, within a short distance further on in that 
direction, become vertical and bent backwards upon themselves, as may 
be seen at the edge of the Indus, where the vertical layeis are out across 
by a horizontal plane. In places along this bank of that river, large 
quantities of air or gas bubble up from under water, and a portion of 
the sandy, hard, river-bed, when the water has retreated, sounds hollow 
beneath the feet of men or horses, as if salt had been dissolved and 
removed from below. 

The ground along the edge of the plains just outside the salt-hill 
Pining Bide at the salt- and tlie limestone ridge near it is formed of regu- 
11111 larly stratified red and green sandy alluvium, or 

debris, perhaps taking its colours from the preponderance of the same 
tints in the neighbouring tertiary sandstones, &o. The latter beds 
rise above the side of the little valley of Mdri, opposite to the salt-hill, 
and indeed approach this hill within a few yards in some places. 

Ascending the Biver Indus from Mdri, orange and brown elays and gjey 
Up the Indue. sandstones, some of which are very thickly bedded, 

alternate repeatedly, dipping to the east-by-north 
at 45°. About two miles up the stream the rocks are seen to be faulted ; 
sandstone beds, alternating with redder elays) ooming against those with 
the brown or orange days between. Further on near Dangot (called 
DundhAt) cliffs, thick sandstones weather into cavities, and the dift i 
are j:orme|i of extremely duck-bedded grey sandstone, a Aw pebbles 
ooctufiflg.in thinner beds below. What could belfSn of thin magni- 
ficent diff, nearly £,000 feet m height, appeased to consist irdy cf 
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sandstone beds without any bands of day. Clay bands occur again 
between the sandstones further up stream, and within the next couple 
of miles two or three other faults occur, one of which lies in the bed of 
the river. Beyond this the stratification undulates at more gentle angles, 
and the cliffs are capped here and there by the debris of conglomerates 
formed of ciystalline pebbles, among which grey syenite is most 
abundant ; but the conglomerates themselves do not occur in the river 
until near the town of Makad. 


In the bed of the Indus, within a mile or so below K£lab£gh, gold 
is washed. At one spot, pointed out by the Malik 
of this place, the bank in which it was sought 
was at some distance out in the stream, and the material to be washed 
was taken from a coarse sandy layer mixed with large pebbles. The gold- 
washers were not at work, but their Iroott* (or cradles) and a few 
other rude implements were lying on the bank. The success attending 
the washing was said (as usual) to be very various, and when great 
a man might obtain from three to four annas a day. 


The entire neighbourhood of this village of M6ri is most peculiar. 
Neighbourhood of ver 7 lowest and some of the highest rooks of 

Mdri. the range being here brought into contact. Dr. 

Fleming (report, page 252) at one place saw some tertiary strata dipping 
as if they would pass beneath the salt-mail ; but the general arrange- 
ment is different. The strong escarpment of the tertiary sandstones 
faces the salt-hQ], bnt the dip is in the opposite direction. These tertiary 
beds within the Miri valley frequently strike towards the hill, but with- 
out showing any inclination to underlie it. 


That the main features of the present arrangement of the rocks 
here are the result of violent dislocation, rather than the tranquil 
change of conditions marked by unconformity, appears to be proved 
by the occurrence of stone fragmentary portions of older groups than 
the tertiary moMfc nee, in dose proximity, evidently parte of once 
larger dcsdoptoriafr of these rock*, which existed in their proper {daces 
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before the dislocation occurred. Though this is the case at Mtri, on the 
opposite side of the river the salt-beds and red marl are directly overlaid 
by decidedly uneonformable tertiary sandstones an£ days, in a way 
which is difficult to explain by land-slip only ; and it is equally difficult 
to imagine the thick nummulitic, the jurassio, triaseio, carboniferous and * 
“ speckled sandstone ” groups all to have died out naturally at one spot, 
while they are each represented at distances of from two to eight miles 
Cis-Indus, and some of them occur again in the neighbouring country 
Trans-Indus. 

It is also as hard to suppose that such a thickness of these beds 
can have Iren removed by denudation from one small tract, while the 
softest of the whole series — the red marl, fee.— *1 had stability enough to 
resist that agency. 

The presence here of the great river Indus might do something 
to explain the peculiarities of the place so far as the upper (possibly 
fresh water or lacustrine) deposits are concerned, for an original line of 
water-discharge and removal of material might have existed here at a 
remote tertiary period ; but any influence this could have had with regard 
to the disposition of the strata could not have obtained during the 
deep-sea deposition of the nnmmulitic period, or during the older marine 
conditions of the jurassic, triassic, or carboniferous times ; so that there 
is nothing left to be supposed but that there was here dislocation so 
intense that the traces of the exact or progressive manner in which the 
results were effected have been destroyed.* 

• If die ash-rooks of this locality could bo looked upon me s newer deposit betooging 
to the tertfery period# the general relations might be mote readily understood* but fgrinst 
this there is their identity, in most oharaoteristioa, with the salt-rooks of other ports of 
therang% and theif association at no great distonoo on both sides of the river with attar 
ro&s of the Salt Bongo series, while the spptre n fly newer salt beds to the norttmM 
diHer decidedly in oolonr and a s soci at io n from those of this locality* 
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XIII. — Appendix : Trans-Indus Hillb. 


Although the Jdd or Cis-Indus Salt Range terminates at the Mdri 
Geology of country tank of the river, it may be briefly mentioned 
Tnns.lndiia. that, in the mountains on the other side of the 

Indus, the geological structure is very similar to that of the western part 
of the Salt Range. The southern escarpment of the latter continues in 
a more strongly pronounced form, but no longer always presented to the 
southwards. The cliffs are still contrasted with more gentle slopes in 
the opposite direction, and these slopes, instead of sinking into an o^en 
plateau, like the Potwlr country north of the Salt Range, face a mass 
of hills, some of which are lofty, and all towards the Indus possess a 
rather defined east-and-west arrangement. These hills are not distant 
from the Trans-Indus continuation of the Salt Range, and approach it 
so nearly as to coalesce in the vicinity of Kdlabigh ; but further west 
they are separated by the whole of the wide valley on the further side of 
which Bannu is situated. 


rKflabSgK 


At a little distance from K&lab&gh the geology of the Trans-Indus 
regions presents some new features, the principal 
of which are — a larger development of the num- 
mulitio and juiaasio rocks, the latter being now more calcareous, 
and the intercalation of a distinctly cretaceous band between these 
groups a few miles to the westward. There are also among the newer 
formations some apparent unconformities unknown or, if present, 
concealed in the Salt Range proper. 


Disturbance can hardly be called a new feature, yet its intensity 
appears to be even greater beyond the Indus, and the succession is so 
much broken that, in the small part of the ground m yet examined, 
incomplete sections only could be found. 

' U nfortimate^Urhen the officers of the Geological purvey visited 
Miri or RilaMgh* *t three different and considerably separated periods, 
< *» ) 
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severe sickness prostrated them, and limited their labons until it Wfcs 
found neoessaxj to leave the piece. During oneef 
these visits, however. Dr. Waagtn, with difficulty, 
made his way to the mountains north-east of K&lab&gh and noted tip 
following succession* 


NumirLino 


Cbetacioub 


f Nmnmulitic limestone (part of) ... ... ... 60 to 00 feat* 

Soft grey marl ... ... ... ... SO „ 

Thin-bedded marly limestone ... ... ... 16 „ 

Ashy grey calcareous marl with numerous ConocUfpetit SO to 80 „ 
Alum -shale, inferior quality, with a little coal and macy 
fossils ... ... ... ... ... SO to 80 „ 

Yellow nodular limestone irregularly bedded : many 
NummulUea ... ... ... ... 10 M 

Alum shale with NummulUet (many pits, but only 
a few beds workable) ... ... ... 60 „ 

Haamatite ... ... ... ... 10 „ 

Dark grey glauconitic sandstone with SelemnUet, badly 

Been .. ... ... ... .. 10 „ 


JVBASSIO 


UVOOKFOBMITT. 


j Grey clay with gypsum in thin beds, numerous canali- 
culate Belemwte* and Pleurotomana 
Yellow marly limestone, numerous Mytili and other 
bivalves 

Ashy grey nodular marls 

White hard splintery limestones ... 

, Yellow thin limestone with P&cten and indistinct 
Myacit" ... 

Variegated sandy days ... 

Sandstone and limestone in alternating layers 
Soft yellow aandstane ^ith whole beds of fossils ; 

fftriuma, Oeritkhm end bivalves 
Variegated and shales with thin ooaly layers 

and alum-shales on three horisons 


0 to 10 n 

20 „ 
« H 
10 „ 

«0 
10 „ 
20 „ 

60 M 

200 „ 


^ Portions of this section are three times repeated by faults and contortion* 
Betides Ok unoonfomdiy and irregularity it show* there is also the wneomfonnfty *f the 
tertiary sandstones spon some of the above beds In other places, and ipon the salpwri 
on the right basic of the river at KOoMgfc. 

L% 


i *» ) 




274 WYNNE: GE0L0G1 OF THE SALT BANGE IN THE PUNJAB. 


Lfin (or nit) nala. 


Along the Lrin nala (or * Drung Gorge 4 of Dr. Warth's report, 
and Gossai nala of Dr. Jameson) which comes frond the north-by-west 
behind the K&lab&gh hills, down to the Indus 
opposite Mdri, the salt of this locality has been 
traced for a distance of about two miles from the Indus, and is reported 
to occur again nine miles up the valley. The salt is being worked at day- 
light in open quarries or small drifts, and was observed to dip at angles 
of 40° and even higher towards the Westward. From Dr. Warth's report 
it appears that the worked seams vary from 4 to 10 or 20 feet, and that 
there are generally three alternations of good and bad salt, some of the 
working-places having been abandoned pn account of the crystalline 
nature of the mineral. This crystalline salt was, however, being exten- 
sively raised when I visited the place, many beautifully transparent cubes, 
of several inches on the side, being observed in the heaps awaiting ship- 
ment across the river to M&ri. As to the salt nine miles up the glen, 
if it exists, it is as yet unknown whether it may not belong to the saline 
series of the Kohat district rather than to that of the Salt Range. 


A great fault is believed to exist crossing the River Indus and extend- 
ing up this Lun valley, letting in masses of the carboniferous lime- 
stone and other rocks along its oourse, and also extending some way into 
the M4ri glen ; but as this fault traverses in the low ground, its exact place 
is concealed. The reason for inferring the existence of this fault is, that 
there is not room for the Salt Range series to intervene between the red 
salt-marl and the tertiary sandstones seen on opposite sides of the Ldn 
glen, the discordant strata belonging to the latter series, occurring on 
the hill to the west, being apparently newer than the tertiary beds on 
the east side of the valley, and being themselves capped by a mass 
of very recent tertiary or post-tertiary conglomerate. The coal of 
KilaMgh is mainly jurassio, but thin coaly strings occur also in the 
nummulitic alum-shales. That from the jurassic beds continued till 
lately to b® raised and sold in small quantities for the use of the river 
steamers. The alum is obtained from Ac black shales near the base 
of the odmmulitic rocks. 
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At a distance of about nine miles to the westward of KdlaUgbi 
x the southern escarpment of the ^ont iiuiati on of 
Chldidli Pam. H 10 g a if Range is intersected in a north and 

south direction by the fine gorge of the Chich&li Pass, at one pari 
of which, where it crosses the nummulitic limestone (called the 
‘ Danoaea/ or gateway, by the natives), the shallow stream finds 
its way over a bed of flat sand between vertical rooky walls 250 or 
300 feet high, and only 14 feet 6 inches apart at the narrowest 
place. 

In this gorge near its mouth there is a good section exposed, showing 
extraordinary disturbance, and to a certain extent inversion of the 
strata (see sketch section. Fig. 55, PI. XXXI) . At the entrance, crushed, 
contorted, and faulted beds of the purplish-grey tertiary sandstones and 
dark-brownish red clays (Nos. 16 and 17) are seen, and the passage into 
the glen lies between vertical masses of the nummulitic limestone 
(No. 14) occupying a space of 150 yards across; parts of this limestone 
show the most intense crushing and compression within the mass. 
Black, flaggy, and olive-weathering alum-shales (No. 12), containing 
limestone-nodules, and nearly vertical, are next met with ; then another 
mass of nummulitic limestone (No. 11), the strata of which, inclining 
at a high angle to the north, are faulted against some reddish-puzple 
cretaceous sandstones (No. 9), with carbonaceous patches. These are 
inverted bo as to dip steeply underneath dark-greenish .olive sandy 
clays with OryjoAaa and non-oanalieulate Belemnitea (No. 8), associated 
with which arc some greenish sandstones with Ammonites and Belemnitea , 
apparently underlying and passing iAto black alum-shales (No. 7) with 
canaliculate * Belemnitea. These, by reason of a reversed, crooked, 
angular, fault, partly underlie thin-bedded jorassic limestones (No. 5), 
with Pectens, &c., and these beds are again obliquely faulted and 
brought beneath more thin-bedded impure jursssic limestones and 
darktshdes^ red day#, and white sandstones (No. 4 7) containing a 
few 4 m6Us Such as GervUlia . Another fault, yet more oblique than 
the last, nearly coincides with the axis of an inverted anticlinal ftM 
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in the adjoining beds, which are the lowest of the whole section, bat 
still jurassic.* 

Above this point in the glen, the section is regular without inversion, 
and the following is the description of the series arranged in natural 
order, the thickness given being partly estimated and partly measured 
or calculated 


TXBTIASY BAHD- 
BT02TB8, &0, ... 


Nuxhulitio ... 


f 


Bed clays (17) end grey and greenish tertiary sand- 
stones (16), with some beds of pseudo-conglome- 
rate (15) containing bone fr a gm e n t s 
14. Strong compact light-grey nummulitic cliff -lime- 
stone of the dervdza 

18. Nummulitic marls and (12) dark shales 
11. Lower nummulitic lumpy limestone 
10. Alum-shales resting parallel on an eroded sur- 
face of the beds below 


Very thick. 


t 180 m 
150 to 200 „ 


80 to 40 „ 


Slight Unoofpohmitt. 


S 9. Strong light-ooloured sandstone eroded at top, 
lower third black 

7. Dark, blackish-green, sandy and shaly bed, tough 
inside, passing down into 

f 6. Dark olive sandstone and day with Oolitic 
patches (equivalent to upper band of golden 
oolite f) contain RkynchoneUa, large planulate 
AmmonUet, Belemnites, Ac. ... 

6. Splintery hard, white limestones 

Shale band ' 

4 Calcareous shaly and sandy beds and yellow lime- 
stone |M ... ... ... 


JUBA88I0 


Ml 






Grey limestone... 

Brown marly limestone 

8. Shales with thin sandstones j a two-feet bed con- 
taining fuooids : — sulphuretted hydrogen spring 
Hard sandy limestone and shales, BhynchonMa and 
dab teeth. 

8. Lower golden odite, variegated sandstone «nd thin 
ooaly shales. 

1, Grey and blue thin limestone and grqf shales* - 


60 „ 


187 „ 
180 „ 


400 „ 


• A quantity of carboniferous Hmettone is shown at this point in Dr, {Fleming** section* 
Nona, fcomevw, ae be oheemtf, ooeurs in the glen ; nor do the triaseic bade appear. 
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The lower part of the cretaceous harfd and the upper part of the 
Jurassic seem to form one thick bed of 137 feet, the Ammomta* and 
Lalemnites from the upper part having a neooomiau character, while 
those from the lower part of the zone are jurassic.* Two chief budp 
of alum-shales occur, one a’tave and the other below the lower lumpy 
nummulitic limestone ; and there are other less distinct bands besides, 
in the lower variegated part of the jurassio series, near No. 3 in the 
section. 

Alum is manufactured from the lower nummulitic bed at a village 
within the mouth of the glen. 


Summary. 

Having now described, with some attention to details, the various 
local relations of the rocks along the Salt Range, a few brief general 
observations may be added with a view to conveying a comprehensive 
idea of the series as a whole. 


Notwithstanding that the Salt Range geology is peculiar and differs 
greatly from that of neighbouring countries, so far as they are known, 
and that the series comprises various consecutive paleozoic, mesozoio, and 
tertiary formations, and even includes among the older rooks -a group of 
Silurian age, there is a remarkable degree of continuity preserved 
throughout the deposits. Though many pages of the record are doubt- 
less missing, the succession is absolutely more continuous and complete 
than in many other parts of India itself, or in many equal areas of distant 
countries ; and further there are indications that throughout the long 1 
lapse of time during which the successive stages of the series were formed, 
some vejy similar conditions obtained, resulting in the reproduction of 
the same kinds of took. Thus, so far back as the formation of the group 
H onfllnrnflfftw 06x4 succeeding to the salt-marl in the wester* 

part of the district, abrasionrof eld metamorptdc 
rooks qpd * transport of their detritus to this region must have been 


• Fisa Dr. Said detWmiastfonf while *t wmo examining thtgtai 
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taking place, an action which was continuous or repeated through all 
except the more highly calcareous formations. Conglomerate or con- 
glomeratic bands of similar metamorphic blocks and pebbles are 
found largely in group No. 2, or in its place; in less quantity, in the 
Silurian band No. 8, and in No. 4 ; frequently in No. 5 ; in one place 
in the triassio No. 7 ; in another in No. 8 ; occasionally in the jurassic 
No. 9 ; again largely in the eastern portion of No. 10 (cretaceous ?) ; while 
in parts of the tertiary beds No. 12, crystalline pebbles, of different 
aspect collectively, and probably derived from different sources, occur on 
several horizons and form very massive bands in some of the upper 
Siwfilikbeds. 


Gotland coaly beds. 


Again, the conditions necessary to the production of coal and car- 
bonaceous rock have not been confined to on e 
group of the series, such bands being met with 
in the gypsum with the salt-marl of Khewra; in rocks but a short 
way above it, mentioned in Section XI ; in the upper part of the speckled 
sandstone and lavender days No. 5 at Nursingpho&r ; in the carboni- 
ferous, jurassic, and cretaceous formations ; and so largely as to form coal- ' 
beds in the nummulitic group. 


Certain varieties of lavender-coloured argillaceous rock, generally 

LtTtnder dtyf yielding rapidly to the atmosphere, are also 

distributed. They occur in the salt-mad, he* 
sodated with its layers of volcanic rock ; in many places and with a very 
similar aspect in the "speckled sandstone series," notably at Its upper 
limits ; in the carboniferous limestone group, in the glen of Nursing- 
phodr; in the probably cretaceous beds of the Bhil branch of the Nila- 
wln ravine; and associated with the hematitic or lateritie band frequently 
bat not always present at the base of the nummulitic ****&' 

Nor are haamatitio bauds confined to one horizon. 

situation just mentioned (below 
but oocur also frequently in the 
oeous toclml more rarely in these of jurassic age, and in 
( 878 ) 
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A circumstance which b not peculiar to the Salt Range alone ms^ 
be mentioned in connection with these hematites, namely, that they 
appear to mark places wherrsozne cessation or interruption of deposition 
took place. For instance* although there is no unconformity r strong 
enough to be conspicuous the base of the nununulitao formation, 
the probably cretaceous rocks beneath are but feebly represented ; and 
if the presence of the lateritio hematite is indirectly connected with the 
want of cretaceous deposits, the occurrence of a haamatitio band here and 
there in these rocks and in the lower groups may represent a greater 
development of strata on the same horizons in other places. At all 
events, where some slight appearance of discordance, hardly amounting 
to uncoi irmity, occurs, between the carboniferous and the suoeeeding 
(cretaceous?) formation at Nursingpho&r, and again at the top of the 
carboniferous beds near Kutta, hematite in the first instance, and with a 
little white sandstone beneath in the second, is the rock immediately 
supervening. 

Salt is characteristic of the lowest gronp, but traces of saline materials 
0 _ in the form of efflorescences are to be found in 

S al t tmA Gypsum. 

places in every succeeding zone (except perhaps 

the strong limestone bands; , and in the newest formation of the whole 

series the sandstones and marls of the tertiary rooks are sometimes 

sufficiently saline to impregnate the water of the streams. Gypsum, 

too, occurs in the clays of group No. 5, in those of the tries, and in some 

quantity in the nummnlitio coaly band. The presence of lima ^4 

_ __ . magnesia dates baok to the time of the red salt* 

Lime tttd MunfiBg, 

marl, and the same anbetaneea are bond la 
gronp STo. 4, the magnesian sandstone series ; bat ealeareew and 
magnesian rooks prevail most largely in the oarboniferona, western 
triaa, western jnraasic and tertiary (nunmnlitie) formations. Aw hard 
alioona, and aluninona rods of moat pabaosoie fonaationa an hot 
poddy (epnpented, slates aad anoh eommon ameaacs a aa aa quads veiaa 
being hero entirely unknown, notwithstandi n g the pw aan n and dhtaris* 
anee which the strata have to many places anftrod. 
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The absence of igneous rooks, too, with the exception of the vol- 
canic-looking varieties occurring in a few places 

iSDMQI pOokla 

to the eastward, though unusual in such disturbed 
paleozoic rocks, may be very possibly connected with the continuously 
tranquil deposition shown by the general parallel conformity of the 
strata. 


From what has been already said, it will be seen that there is 

considerable difficulty in conjecturing under what 
Buly condition!. • 

circumstances the salt-marl was accumulated. For 

the stratified portion and its associated layers, however, estuarine or laens- 
trine conditions may have prevailed. The succeeding purple sandstone 
group contains no organisms to indicate its orgin, which, nevertheless, 
may have been marine. The next group contains a few marine (silurian) 
fossils. The “ magnesian arenaceous group ” and the " speckled sand- 
stone group ” may also have been deposited in sea water, subject to land 
floods, bringing down earthy matter. The carboniferous group and 
western portion of the trias are certainly marine, while the beds supposed 
to form an eastern representative of the latter group may have been 
deposited in an isolated tract of saline or of salt water. The jurassic, 
cretaceous, and nummulitic groups were also marine, or largely so, some 
plant beds in the first and the leaf-bed at the base of the latter, together 
with those bands in which coal or coaly shales predominate, being lyr 
no means necessarily exceptions ; and the great mass of tertiary rtjjtyf- 
stones and days have furnished nothing to contravene the supposition 
that, notwithstanding their great thickness, they w ere deposited under 
fresh or brackish water conditions. 

The Salt Range rocks then form a continuous series, embracing 
^ ^ alternations of calcareous, earthy, and arenaceous 

deposits, chiefly marine, but possibly in part of 
fresh-water ori g i n a series (including the more recent 4>e^s) compris- 
ing thirteen main divisions, of which nine are distinctly referable, each 
to one of the thirteen principal formations known to getfqgy ; and this 
ages oi four Are kss accurately Ascertained. Two of flatter are ns 
( 880 ) 
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old a a silurian, if not older^ and two others, if not of tibia ags, or car- 
boniferous, moat be intermediate. 

From fife top downwaius, seven of these thirteen groups are 
ohronous with the five newest systems of the geological scale ; fhjb 
* permian is not represented, but the carboniferous is largely developed in 
comparison with some of the others. Of the two groups immediately 
beneath the carboniferous formation, there is no reason Why either should 
be oalled devonian or “ old red sandstone. 11 The lowest, however, appear* 
to have a close relation, in some parte of the range, with the eilurian zone 
beneath ; and of the remaining two, nothing can be said as to whether 
one or l^bh may be Silurian or older. 

Of tbis series, there are no close petrographic representatives known 

Relations to neighbour- m the neighbouring parts of the Punj&b hitherto 
ing geology. inspected, if we except the tertiary sandstones and 

clays. The nummulitic limestones differ considerably from the large 
development of these rocks to the north- The cretaceous beds are dif- 
ferent, both in character and fossils, from others met with, as are also 
the jurassic rocks ; the mixed and variegated arenaoeous, argillaceous, 
and calcareous group of the Salt Range bears no similarity to the 
Spiti-shales of the mountains on the outskirts of the north-west 
Himalaya. The triassio rocks with their abundance of Ceratites are also 
different from the strong limestone series of the latter region j and the 
underlying groups have no representatives around, so far 4s known, dntQ 
the countries of Kashmir and Spiti are reached.* In the former, the 
carboniferous rooks have yielded to Captain Godwin-Austen some half a 
dozen or eight fossil species, known already to opcur in this formation in tint 
Salt Bangs ; an^ from pr. Stoliczka's Memoir on the Northwestern 
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Himalaya it appears that fear carboniferous forms are common to the 
formation as known there and in this Salt Range district.* When the 
Survey collections' made in this oountry have been examined, it is possible 
that not only the carboniferous, but also the newer formations, may be 
found to contain other Himalayan forms. 

The development of the whole Salt Range series is not at any place 
complete, the groups changing along their outcrop, in thickness, if not 
also in character ; and the same series, from the fourth to the seventh 
group (in ascending order), or omitting the eighth, from the fourth to 
the ninth, extends westwards, Trans-Indus. The tenth group dodtqot 
extend reoognisably to the wests the eleventh covers all below it, except 
in the extreme east or west ; and the twelfth (or part of it) is super- 
imposed throughout. The latter group includes some representatives of 
the “ Sub-Himalayan 99 divisions of Mr. Medlicott's Memoir “On the 
country between the Ganges and the Bivi but it is doutbful 
whether the Sub&thu rocks northward and eastward of the Potwtir 
plateau are represented to any extent along the range except by a few 
thin layers in its eastern sections. Even though some similarity in the 
Bakr&la ridge haa been pointed oat, the close identity of the lower 
tertiary Salt Range sandstones witd? the Nohan group is not at present 
strongly insisted npon, while there is sufficient reason to suggest it. 
The Siwdlik beds above these have been lately shown to belong to the 
same group both here and in the oountry extending hence to the $dt>- 
Himalayan area. 


• Captain Qodwtoia<tai > i Ipo cfarita, sbaBafrAo those of the Salt Bang* an AMkprb 
ig taBfa, 6jpiijf*r* Mfy n eam m pUurodon, Strtptork y Hei m t erentftarta, 

Fr fldwta saMtahta sad JNMdt (Bse Mr. T. Daridamtflist in ftjrt I of this 
Report i ami iMtye Is tbs otabimjJutsjl Itasohi gpoda collected by Captain 4odwin-Anst^ 
m Kashmir, byMr/ffita idiuii, Qoar.So*. OeoL 1st. Load, VoL TO, p. SQ. 

Dr. Btaflcaiaft tprimam, iAccttaa^stah Spirtf** 

JftWntof P* •* m4N4kmBlBmJP* Ms s aoh^ jOeoL Mrwgr of im ha, 

VA T, Marti. W#. 
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Economic Bxsourobs. 

The eoonomic resources the Salt Range are numerous and varied ; 
several of them axe of minor importance, bat one, the rock-salt, for vMA 
it is famous, occurs in a quantity and possesses a value which may be 
called incalculable. These salt-deposits, together with those o t other 
parts of the Punjab, are some of the largest and purest in the world* 
yet their origin is equally with others involved in obscurity. 

In Mr. Baden, Powell's “ Economic Products of the Puqj&b,” all the 
mineral economic resources of the Salt Range and its neighbourhood are 
alluded ti. though the references are to be found amongst matter relat- 
ing to building materials, salt, &c., from other plaoes as well. ▲ 
passage given as an extract from this work,* in the preliminary copies 
of the Punjab Gazetteer, mentions the following minerals as occurring 
in the range : “ salt, coal, sulphur, petroleum, .... copper, gold, 
lead, and iron, the latter as rich hematite very abundant in some parts, 
to such an extent that the rooks containing it prevent by their attraction 
the indications of the magnetic compass." This passage gives a vary 
exaggerated idea of the products of the range. The coal of the Salt 
Range is not great in quantity; it is poor in places and pyritoos 
and shaly, besides being difficult to work. The sulphur occurs in the 
smallest quantities, native and otherwise. The petroleum is likewise 
very limited indeed, as may be gathered from the several reports on 
the subject by Mr. Lyman (see List of Authors). The popper men- 
tioned at page 9 of Mr. Powell', work i. quite inoonaderable, The 
etresm-gald yields but a soanty return for muoh labour. The lead 
(pages U and IS) oooors 'only as atnall disseminated crystal, .of gale na 
in the peculiar dolomitie rook of Karangli HiD. The iron, so tar mt 
am aware, ooenrs generally as common hematite, bBsi^ipadist 

• QAiMiih at Jhrimn Dtrtriet; CtagnpUal as* yfajMerf Bta&m, (Mm at m 
(Ml Wmtv aatnut Ihb Hr. IMa.FMd’i “taammie Vnt hut* at Ha Hutyfe* 

M-lHi «ad at wtiwt, p. U> 
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layers, often so earthy as to resemble laterite, and I never found it 
affect the magnetic needle of my compass. 

In his introductory chapter (foot-note, p. xii, and again at p. 8, 
para. 38) Mr. Powell mentions a new discovery of a first-class iron-ore 
in hills belonging to the Salt Range, made by Dr. Henderson, Civil 
Surgeon of Shahpnr, who had procured from it bars of the metal. This 
ore was obtained from the Kor&na (Eot Kerina) hills, previously men- 
tioned, not fro m the Salt Range itself. " The ore was very abundant 
in several of the hills, and attempts to work it appeared to have been 
made." Dr. Henderson believes it to contain at least 70 per cent, 
of iron, whic& was favourably reported upon by Mr. Booquet, of Hhe 
Punjab Railway, and Mr. Harrison. Dr. Henderson only smelted a few 
maunds of the iron, with a primitive apparatus, as fuel was scarce in the 
vicinity, and he estimated the cost of production at Rs. 7 per owt.* 


Salt. 

The places of the occurrence of the salt, its composition, position, 
^ and general relations, have been noticed in the 

preceding pages, and reference has been made to 
the memorandum by Dr. Oldham, to the reports of Dr. Fleming, to the 
fell report of Dr. Warth (the latest published), and those on the admi- 
nistration of the Inland Customs Department, in all of which much de- 
tailed information may be found. 

Where so much has been already written, it seems superfluous to 
add further remarks upon the salt-mines of the range; some general idea 
of them may, however, be briefly oonveyed, rather than that they should 
be left altogether unnoticed; ntizung^Uils are taken from Dr* Warth's 
reports. 

It appears Hot .the islbm0rm formerly much more numerous, and 
under native managemmtwsreiy consisted of small openings at first, 

• Tpifp wMrti Itnfltr aa te Sate fl i pte nl w 

mtkisnr. 
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afterwards unsystematically enlarged, until they becAme ta&gmm* 
Since the annexation of the Pttnjti^, it has been found useful fist fsij j fajfr 
cf collecting the revenue, to lessen their numb|P greatly; and itstt 
further radiation has bee& proposed or lately carried out. 

The mines opm during the progress of the Survey were those of 
Khewra, Saxdl, and Varcha on this side of the Indus, and the open 
quarries of K&labAgh beyond that river. Besides these, an experimental 
driving was being sunk (and is intended to he carried on from time to 
time) beneath the southern cliffs of Mount Tills, in order to prove the 
existence or absence of workable salt within- reach, that point being 
so muMi nearer than the others to the Northern State Railway— not 
yet completed, but in progress. Up to the latest information the salt 
had not been reached. 

The largest mines of the range are the Mayo mines at Khewra* so 

__ called to commemorate the visit of a late Vioaroy. 

Mayo whim * 

In these, vast but dangerous chambers had been 
left by the old Sikh workmen, who either knew or cared so little how 
or where they worked, that two heavy pillars supporting the roof of one 
exoavation were left resting upon a thin crust of salt, sp anning another 
large chamber below. It has been remarked that most of the roof- 
falls of the mines took place at night, and the miners, who work only 
in the day time, may have relied on this poor chance for safely. As it 
was a matter of great uncertainty how long these pillars would r emain 
supported, instead of supporting the roof above, their removal was 
ordered, when suddenly on Sunday the 6th of June 1870 one $f them 
broke' through, carrying with it a huge part of the roof, and forming a 
crater pn the hill in which the mines am situated. The ftUau mane cfiplt 
and mad was estimated (by Dr. Warth) at half a lakh of ■> ponds, {font 
.which the damage that might have been dona had than haw nliwinl 
at irozk beneath may be imagined. 

Tie present state of thase mines diflm widely indaad from that whisk 
asisttd doting 4iw nastier viaHa of the peoiogical Survey Qflkara te tha 

( *» » 



BM WYNN* * GEOLOGY OF THE SALT BANGS IN THE PUNJAB. 


place, and still more from the state of things deseribed^by Dr. Fleming 
and Mr. Theobald or previous writers. When I was going through them 
first with the Deputy Collector formerly in charge,* his kindly warnings 
not to remain in certain places were repeatedly given ; but now, even 
though the mines are Car from being everywhere safe, the alteration in 
them is so great that an air of security is derived from the regularity _of 
the new works, and the business-like manner in which the operations are 
being carried on. Since Dr. Warth took charge, this great improvement 
has been effected, though improvements upon the old systemless plan of 
working were of course in progress ever since the British rule began, as 
evidenced by the very names of workings like "Thompson's dftffc/' 
u Portion's tunnel," i€ Matthew's drift," &c. Only a few years since, 
entrance to the mines was gained down a slippery incline or through an 
adit, but now one can drive in upon a tramway, through a spacious 
passage, and observe a system of regular pillars and openings, with 
various inclined and other drifts, leading to a main passage, through 
which the salt is taken out of the mine in trucks. In fortner-days, the 
two principal mines here (the Baggi and Sqjewtl mines) were disoon, 
neeted, and both of them ill ventilated : a passage has now been opened 
from one to the other, whioh not only gives a fine rush of air through 
the mine, but offers an additional means of escape for the numerous 
workmen in case of danger. 

The old chambers, however, still remain to contrast with the new 
•system, and when lighted igp the effect of these great oaverns is very 
picturesque, particularly under the influence of ooloured lights or that 
from the magnesium lamp ; but it is only in very strong lights that 
the brilliant reflections from the fiMfrts of crystals become at all 
prominent, though fraftfcntiy spoken of by previous writers, before 
bhuting powder wqpjojpoh used; nor are stidacritiQ^n^sses so common 
as one might expect 
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The method of working in these Baggi end Stgawdl ItthMi' ii 
described by Dr. Warth in his fliet paper previously rdfewed to, fitter 
which the following is condensed 

The miners work in three different ways in the Baggi mine. Sfrjrit 
forward from a certain floor into the rook salt. This is called the hatti 
(huttee), and is the most troublesome. It is nearly as hard, as cutting 
drifts, there being a good deal of piokwork before the men can blast. As 
the hatti is carried forward, they gradually work the roof down, sitting 
upon tripods, some of which are 25 feet high. This is called (Mat 
(chutf*) work. When they have advanced with the hatti and chhat, 
they bmgn to work from behind downwards. This is called the par 
(pur), or deep working. This par ought to be very easy work, but it is 
not, because from want of space it cannot be oarried on in regular ad* 
vanoing steps ; instead of this, the miners work the par down ^directly 
over are as marked out to them, Both in Baggi and Sujewdl minee.f 

Dr. Warth proposed to operate in a contrary manner, namely, to 
work the hatti on the roof of the salt seam, and the remaining salt 
down to the bottom as par by steps. The improvements are being 
gradually carried out, and the appearance of the mine is yearly changing 
in consequence, so that in course of time there is little doubt the system 
will become as perfect as possible. Not very long ago, gunpowder wag 
never need; now its advantages are fully felt, and Dr. Warth has fired 
some large blasts, separating hundreds of mgunds of rise salt at once 
with perfect safely. 


Fr^m one of the smaller mines called Phurwalla, men* woman, and 
children had carried full 40 lakhs of meunds of salt up a narrow steftp 
crooked drift, and from the whole Mayo mines Dr. Warth esrimgts# ttfe 


t the woM promranoed 
t TbaKWrm mbmn nee the fellmring 
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gross amount of salt removed at 800 lakhs of maunds ; but notwith- 
standing the length of time these mines have been extensively worked, and 
though each season adds a concentric belt to the excavated area, they 
show as yet no signs of becoming exhausted.* 

In order to facilitate the cariage of the salt from the mines. Dr. 
Worth's tramway has been extended to the month of the gorge, and 
thenoe a wire-rope tramway has been constructed (under the superintend- 
ence of Lieutenant DeWolski, R.E.) to the village of Chak Niz&m, on the 
southern bank of the Jhelupi, above Pind-Dddan-Kh£n, and ten miles from 
the Khewra gorge. This has been for a few months completed ynd is 
occasionally in working order, but difficulties have had to be contended 
with in the unusual length of the line, and the effect of the water of the 
country upon the boilers of the engines . that supply the motive power. 
When fairly at work, this tramway will be an important aid in the rapid < 
distribution of the salt by means of the Northern State Railway. 

The Saidi mines to the west (ten miles or so north-westward from 
Pind-Dtfdan«Kfetiu) are smaller and less favourably situated for working, 
being sunk below «he bottom of the glen instead of in a hill side like 
those of Khewra. They were more recently opened than the latter, and 
were originally constructed on a better plan, flights of steps being cut out 
of the salt, and the roofs supported. Owing to their low situation they 
have been at times stopped by access of water, and I believe they are 
now altogether dosed. 

Thu Vareha (or Wurcha) mine is in the hill on the right-hand side 
of the Vareha gorge, about thirty miles west-nortH-west from Shahpur. 
Toe mine is at a considerable elevation and is large, though only about 
M feet of salt are excavated out of a bed of much gretter thickness, f 
the remainder oH which is not sufficiently good for eoffimercial purposes 


• Vorvwgr IU1 of the utfaw, modw of wotting, ortmn. Wo„ Hr. Wwttfa 

fspo, notiesd in Xhafttar f\ lasflTlwsitaraftts. 

t®*. W«tki*s«rk*tH*t WCMtoMMagsssawM 
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wornmm uaowumt uv** 

at* the fW* Rang*. There are large remains ef et&Sikh priAifgi tajfc 
gseat natural shaft* or wrtioal wataHJWta, a akettlurf *m 
has* been given (see PI. XXV). The old workers $hete, at dswhta#^ 
left the roo| S aneapported 9 and it is failing in, bat in the modem Mbrf 
this is provided against. Tphile the salt-bed continues to dip, mM m 
present does (*0* t* N. W. ), no alternation in the mode of working 
(according to 9) Wartb) will be needed. The mine is well ventilate^ 
and dean, and has two modes of ingress, bat no low-level water-escape. 

The Ktflabdgh workings are all “ at daylight,” in a thick group of 
salt-beds, ranging from 4 to 10 or even 20 feet each. They nn along 
the right side of the Ltfn or Oossai Nala (or Drang gorge), die salt 
being found to extend from the base of the hill as high up as 200 feet ; 
but the beds are not all sufficiently good to be worked, 20 feet being the 
largest known thickness of a workable salt-bed here. All the beds dip 
weBt at nearly 70°. The salt outcrop extends for some two miles up the 
glen, and there are fourteen working places or quarries.* 

Besides those mentioned there are numbers of old miap, about which 
nothing is known, while some that have been inspected vere found to pro- 
mise large supplies of salt. Several of the old mines occur in the Jutiua 
and Ktisak beats, four in the Makr&ch beat, three in that of Maiotf 
eight in Sardi beat, four in the Nilawfin ravine, three in the hills about 
Musakhel, and several at Mdri. 

The old Jut&na mines were being worked when Dr. Jameson tisrltii 
die Salt Range in 1848, and bad then beta open twenty, thirty, and, 
thirty-five years. The descent into the body of the mine taw eecomyhk^ 
ed by steps out in the salt, and the workings seem to have keen hugs, iSk 
as irregular as usual in the Sikh excavations. The salt was removed ; 
manes# two of wjbieh were a load for a camel; also In stadia* pieces mk 
which to load wan* The min e rs were paid cue man per mamA S# 
tmsSn^the ^h, and this wta sold for a rupee tatapriL $4 
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price of a camel-load was Bs. 6 to 8, and before it reached Umballa, 
paying hire, duty, &o v it cost from 8 to £0 rupees.* 

The best idea that can be given of the quantity of salt produced 
by the Salt Range mines will, perhaps, be obtained from the value 
according to the subjoined abstract of the receipts for four years (taken 
from the report on the administration of the Inland Customs Depart- 
ment for tiie official year 1870-71, page 14). The rate at which the 
salt is sold at the mines is Rs. 8-1 per maundf : — 


Receipt* from the Salt Range Mines. 


Tun. 

Nuus 09 lbra, 

Totals. 

Mayo 

Bsrdi. 

VnrduL 

EtUbtob. 

1887-08 

ions on 

ilXKrw «•« 

1860-70 

1870-71 

Bs. 

28,97,580 

29,10^88 

85,08,171 

2739,092 

Bs. 

131319 

2,50,506 

436,485 

230.686 

Be. 

2.88,788 

4,16392 

8,99,856 

4,45,040 

Bs. 

2,1*189 

2,08,445 

131.946 

1,99,684 

Total .. 

Bs. 

85,89,821 

87.80,581 

44,91,458 

86,64402 

1,55,26,762 


This total is equal to £1,552,570, or an annual average amounting to 
the large sum of £888,1444 It appears from the same report, page 15, 
that the average amount of salt cleared from the depots during the 
above years was 12,91,1 48 maunds. 

With regard to the continuity of the salt-beds, the indications, so 
far as can be judged at present, point to the occurrence of several 
sets of beds, rather than tile extension of any one group, and the quantity 
of salt, as now known or exposed, probably bears only, a small proportion 

g- . , . — . * — . 

• D». Jameson's Bej&rt quoted ; see list of jpevfons publications. 

f Be. S- ls—i x shmtogi and one and a h«H jwaoe. A mannd is equal to 88 fa. 

. $ Ms is tfa avenge token from the shore fame j that given bj Mr. Wright, the 
fanner Iptol faift of the fait Deportment is smaller by nearly £&*>*, but fa nay fan 
Aedncto^ soSm wethfng erpenn of foyartment. 

'^>W0 ,) 
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to that which is concealed *r which may have been dflritoyed.**$Rtidfi 
have been worked along 1 the range from periods so remote that their date 
cannot be ascertained,* and vejjr much of the salt 
y has been both naturally end artificially removed, 

yet if the present outturn t*1re increased mnayttieia* the^mpply might 
still be considered ^exhaustible, so far e« quskitity itr concerned. The 
salt-marl appetf* so frequently that its continuity, for a distance of 184 
miles, more or less, can hardly be doubted, and it oooupies *a breadth 
which, on the same sort of evidence, may be fairly assumed at from four 
to five miles ; while its reappearance on the north side of the range in 
two places would indicate its underlying the mountains everywhere, with 
a breadth of from twelve to sixteen miles, or it may extend to a much 
greater width. Allowing a breadth of five miles, this estimatet gives an 
area of salt-bearing marl 670 square miles in extent, in which the 
salt-zones vary from nearly 100 to 275 feet in thickness ; separate beds 
or groups of beds of salt, where the size of the bauds colleotivdy is 
leaBt known, having thicknesses of 20, 30, and 40 feet. 

Excepting for about twelve miles in length, at the eastern end of 
this area, salt is seen or known to exist within almost every mile where 
the marl is fairly exposed, so that although little or nothing is known 
as to the manner in which the salt-zones are laterally extended or ter- 
minated, the quantity of the mineral present must be enormous if it is 
considered that (a roughly shaped cubic foot of salt weighing about 188 
pounds) the solid contents of a bed of salt, only 80 feet in thickness «nd 
one square mile in area, would amount to ovfer 50,778,514 tons. 

• "Dr. Fleming records that the mines were first worked In the idfs of Akbei^ sad 
mention it made of them in the Ai»-AJkban, but this is all the information existing ngrfa 
‘ the sabject. The 'native tradition is that Akbar waa informed of tin fti s t en oo of fbfMfc 
by n certain Asp Klprn on oemditiem at bis reoslving, as a reward, during Us ltfa*tisi^a, 
sum equal to the whole of the wages of the misMrs employed in digging it Shltwiasejn 
Mbdmve doping the reign of Aktyr at the rate of 6 ennaa par maand.^i W # 
smb# Jh t Hm m Dutirtct. 

t A smaller estimate waa made previously tn order to be mdl within tits matfc (fee 
Chsgtw nt p. SI). 



IK wnrara: gbologt or m salt muroa nr thb funjXb. 

The detailed accounts of the mines given in publioatioiis already 
referred to being ***7 copious, it has been sought to convey here a fair 
general impression of the deposits, rather than reiterate all the details 
previously published. 

The new fkota ascertained by the latest explorations are chiefly 
these:— 

(1.) Where the workings have been most carefully surveyed, the 
salt has been found in zones, consisting of several distinct beds, within 
distances of about 600 feet, 200 feet, and less, of the top of the marl 
and gypsum. 

(I.) That the arrangement and thickness of the beds, and the quantity 
of marl and gypsum (more or less intermixed) intervening between the 
salt-zones, and between the group superior to the marl and the salt 
itself, indicate more variability than sameness of the exact horizon upon 
which the salt is found. 

(3.) That there seems to be a larger development of so-called bad 
salt in the western than in the eastern part of the district (which bad 
salt would, however, iu other districts be extremdy valuable). 

(4.X The recent and most detailed explorations by the Salt Depart- 
ment have been ohiefly confined to the old workings, and other beds of 
salt' have not been sought for, except at Mount Tilla, where none has 
yet been found. Without regular prospecting operations it would be 
impossible to hope for information about the salt-rook in this or other 
directions, partly on account of the tendency which the marl has to 
o o ne e sl the enclosed salt; and whether the lower part of this “red mar l” 
docs or does not also contain valuable beds of salt is quite unknown. 

Should it over become necessary, the best place, perhaps, ascer- 
taining this would be the ground about Chambal till (west) between 
the jfutdxka and tfalr Boats 

Theqgh the method of mining the mlt ia being jpnprored, end 
awngMnwte for fa tmaeport byy, tflw-twmwny end m3 from Kfcewm 
( IK ) 
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are in progress, the old system of earrings exist* jhMpfatffc 
together with the tyaste this occasions. The salt fe redhead to 
spherical lamps, to prevent tV comers being robbed <tfF ebbing Its rough 
transport in open nettings sr hair-cloth bags. 80 l««g ns the merchants 
prefer, and can obfciSn, the jolt an blocks, it tqp b mot seelp /likely that 
any steps will be laken to utilise the ^crowns quantity of valuable 
salt now wasted. 


Coal. 

The coal of the Salt Range has formed one subject of a detailed 
report by Dr. Oldham in the memorandum 
ou the mineral resources of the district, already 
noticed. It occurs at eighteen or twenty localities, ineluding Ktla- 
b&gh, but at only a very few of these in fairly workable quantity. 
The coal of the Salt Range proper generally oomes from near the 
base of the nummulitic rooks, and is most largely developed at a short 
distance from Bhfiganwfla. It has been worked here, at Pid, and 
to the westward at Samundri, besides small quantities being raised 
at other places. The ooal is not of bad quality iu some places, bat. 
the amount of the best kind is very small and becomes deteriorated 
by mixture with the more sulphurous and shaly portions of the beds^ 
so that the fuel obtained falls to pieces and it is liable to spontaneous 
combustion. 

The Eflab 4 gb coal or lignite is of jurassio age and of better 
quality than the former; it is composed of portions of trees in a 
fossilised state, not forming a bed, but distributed In both shales and 
sandstones, from the former of which the coal collected for sale has been 
obtpfred, 

A a to quantity* Dr. Oldham estimated that there Blight be mmd 
ttV BUganrfb locality 10 , 26,000 mood, of eoal/aadat K4M0 
mat 46*040 mawndo* it f p w from the miwwal otyHotfn Vjjr 
Br< Oldham, in VoL VM 1 1 tfre Meaono at tfao Qaofayioal tty*. 

<M) 
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the following quantities of coal were raised at the Salt Range (the 
localities not being given) : — 

In the year 1868 ... ... ... ... 199 mannds. 

» » 1864 ... ... ... ... 9.742 „ 

.» « 1866 ... ... 27*628 „ 
n it 1866 ... ... 14,696 „ 

» » 1867 . ... 710 „ 

62,776 mannds, or 
1*987 tons, 11 cwt. 

In nearly all of the localities given in Dr. Oldham's list (see below), 
and in a few besides, the coal of the lower nammnlitie beds was to 
be so dnll and weathered on its outcrop that it was only by cutting into 
the beds the mineral could be seen. In some spots the wasterheaps had 
spontaneously ignited, but this did not appear to have oqeurred in the 
beds. At no locality were works being carried on, and the largest of 
the abandoned excavations were those at Pid and Samundri, where bun- 
galows had been built ; that at the former place was occasionally used, 
but the house at the latter, to which there were but faint traces of a 
road, was fast falling into a ruinous state. It is supposed that these 
were the places whence the nineteen hundred and odd tons just men- 
tioned were extracted. 

Everything connected with these deposits of coal and shale which 
has been ascertained during the examination of the ground, tends to show 
that they have a very general but not continuous existence, and there 
are circumstances to the westward which show either the occurrence of 
a higher baud of coaly shales, as at the Bakh ravine, or that, from 
increase of the lower portion of the nummnlitie limestone, the place 
of the bend has been shifted higher up in this group. Westwards 
of this place, the basal portion of the nummulitio beds is still earthy,, 
and the form of the talus, at the foot of the cliffs in which the limestone 
terminates, shows the, beds to be soft, the rooks next below the nttm- 
ftolitie group in this region, when seen, being often earthy and shaly* 
Some traoss of gypseous day, and the gypseous nature of the lowest 

( m ) 
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nummulitic beds at the Bnkh ravine., a a well as the occurrence* tif the 
hematitie zone near that place (and farther westward)* would Miefe 
the: continuance of the same characteristics at the base of this series. 

In very many, or perhaps in mist cases, the defcritf atthe foot of the 
Ti^is^jU^itio limestone cliffs conceals everytiiing 1 jW below It, bat several 
sections, givsb in the foregoing pages, w\)show the looal absence of these 
coaly shales, or olse that their importance and coal-bearing character is 
locally diminished. The frequency of their occurrence and the larger 
development of the coal layers towards the eastern parts of the range, 
render it very probable that if it were ever worth while to institute trials, 
the coal w>uld be found in many places now concealed over that oountiy. 
The fact, however, should be borne in mind, that the soft shaly nature 
of the associated rocks and the occurrence of the hard nummulitio lime* 
stone, more or less nearly horizontally extended over the coal-bearing beds, 
would always present much difficulty in carrying on mining operations. 


From Dr. Oldham's memorandum (being a report to Government) 
the following particulars are abstracted to supplement those already 
embodied in this Memoir : — 

Bhagamoalla . —Extent of coal along outcrop, two miles; thickness, three feet six 
inches. Coal greatly cracked send jointed ; when exposed to the atmosphere, disint e gr ate! 
and falls to pieces. Crystals and flakes of gypsum common in fissures of coal, and iron 
pyrites, which, decomposing, gives rise to spontaneous ignition of the ooaL Much ease 
needed > if the place (or any of the Balt Range coal) be worked, to keep galleries quite 
of dost and small coal. Good masses of bright coal can be obtained from this plae£ to 
work whioh, successive galleries would be required, one over the other. Locality 
but improvable in this respect 

8. ltfora {Khstora ).— Above the gorge, coal poor, fall of iron pyrites^ and with layers 
and irregular masses of day interbedded. Thickness two feet eleven inches. Coal divided 
into two by a layer of shale. 

8. Bid . — On side of hill facing the south. Dip to north, &f or 84P * thfcknem of (rial, 
thane feet whan puce. Good bright fad ; falls into fragments after exposure to the air f lty*, 
quite so much pyrites here as in other pieces. Locality dose to a good road and escUy 
aoemsible; probably a fair amount of good fuel ham ; a thick covering of debris Wvurai 
itstoingttrooed. 

t 

4 IhmM (Mb. 1).— Coal seen on edge of a fault or sUp; ooal two feat ris indies; 

a small fetaa mass of rofck and eoel, useless as a permanent softies of fad. 

( ?m ) 
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ft. Damda t (No. 2).— A mile farther north* in ft Alton underoliff* thicknesses of tiro 
tojen fifteen to eighteen inohee and from ten to twelve inches. Beds squeezed out to sooth 
and cot off to north} fuel not had; coal divided by ft bqad of sandy shale. 

6. Dandot (No. 8).— Further to the north and west* same general character ; no 
greater prospect of s uc cess fu l exploration. 

7. -NStok — Goal poor in quslity, dip 8Cf to 8ft° to south-east; coal more than fifteen 
inches thick; eight feet of blackish shales below it with thin layers of flaky coal 

8. KaruU .— Coal slipped with the rocks on which the village is placed; useless as well 
as very limited in extent. 

9. Nn rjmr (Nttawan) —Northern end of main gorge under high cliff, along which 
patrol road baa bean carried; little prospect of any successful working. 

10. Soma Shoo.— On the edge of e slip fault* which has brought the ndnugulltio 
limestone into contact with the red and purple marly beds of the salt series/ Section 
concealed to a great extent by debris; only a portion of the rocks, far removed from 
their natural position. 

11. DeiwaL — A little patch of coal and coaly abide in one of the lower spurs of the 
Ulto a few miles from Deiwnl village* but said to be within its boundaries* perfectly use- 
less ae a souroe of fuel The coal occurs in a heap of debris of all kinds, only ft few feet 
in length, and varies from an inch or two to nearly two feet in thickness. 

12. Katta . — At the base of a large cliff of nuxnmulitic limestone under the Chamil 
bill, near its base* both limestone and ooal broken. No prospect of any continuous supply. 
The bed of no thickness. 

18. Chamil . — Under the lofty scarp of the mwmmlitto limestone at the north- 
eastern earner of the line of cliffs which form the southern face of the Chamil plateau; ooal 
and associated shales in their true position unfaflen, dip 12° to north 6° west Two ooal 
■earns, one from six inches to ten or twelve in thickness* the other fine jetty coal* .six inohee. 
Place not very difficult of ac c e ss , but no workable quantity of coal. 

14. 8tm§U Warn.— Or one mile west of village of Arar* close to Diliali hamlet at level 
of water in bank of stream. Two thin seams* upper six inches lower ten to twelve inches, 
dip south-east 80°. Beds ft small patch under a large talus of debris; at foot of high 
■carps of limestone* one mass of broken debris. Same beds again seen qotfv off; much 
broken up; no prospect of being profitably worked. 

Iff, Jmh or tRnl/— The Stdgi ooal locality; ooal of no vqhts and no extent (see 

16, Xnfe&apk. — Irregular strings and patches of coaly matter In the atom shales, 
etymtoUyin the lower group of the shales, not extracted. (This is not the ptooe whence the 
frai s bsgh ooal is taken, the totter being jUre s ii o ; this is nnmmulltic.) 

17. JErtH Southern end of the Chlchajl Bma shnflsr to the numnwMo locality of 

ftysrfty— of the ml have been analysed. U is for the mart part sathm in* 
cuttto igaltyrtflrtt,Arowiftgertftls^^ftaiiiityof d oDse amo ka ^n mart casm with » 

( ) 
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marked sulphurous odour), but when ignited it buns well with abundant flame \ floes MM 
cake much, and, with ordinary care, yields but little olinker. Tried p m c ti csfly in the lee#* 
motives of the Punjab Bailway, both at Lahore and MooHaa, it pawefl my s uuOaasftil f 
it wak found to answer well, both in pitting up and maintaining steam for an ordinary train 
travelling twenty'jve miles per hour. It answered well at tfooltfl^ but required screening 
and foreign matter picked out There was dust from its flatuxe^end the Are-hafts 

required "Mention. It wa# tried in tld steamers on the Indus, IWa flsvouhtb|a opinion of its 
dually mu. £i\ea, it bavin? been calculated to be, weight tor weight, four times as effective 
as wood. 

“The coal would prove a very effective fuel, though it cannot be considered a first-rate 
coal, one maund of it being equal in effective work to 2*5 to 4 mauuds of ordinary wood,** 


Petroleum. 

The ptStion and circumstances of the petroleum and mineral tar 
Petroleum situated in the western part of the range hare 

been mentioned in the foregoing descriptions, and 
all but one locality have been fully reported upon by Mr. Lyman (see 
List of Authors). This is the Sulgi coal locality, where the rocks which 
contain the tar are only an isolated and widely separated mass of the 
tertiary beds, the exact continuation of which it would be impossible to 
point out. The quantity of the tar exuding here is not commercially 
valuable, but the saturated sandstone rock, if continuous beyond what 
can be seen at the surface, could easily be quarried. 

The petroleum near Jdba at the Chota and Burra Kutta glens comes 
to the surface in greater quantity than in most other places in the 
mineral oil region of the Upper Punj&b (the workings near Fatelgang 
of course excepted), the natural supply being about four and a half 
quarts a day. 

The localities are in some respects well situated for boring, and the 
distance from the Indus at Kdlabdgh, where water-carriage could be had, 
is only about nine miles, A tolerable foot-road exists henoe to the vil- 
lage of Jdba, less than two miles from the springs. The oil is < farl t 
gree% and the water which accompanies it evolves sulphuretted hydrog en * 

The other localities produce such trifling quantities at petroleum as to 
be at little or no economic value* 
oh 


( ) 
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BuiLDING-STONBS. 

The stones chiefly used for building along the range are the smooth 
fine-grained sandstones of the purple sandstone 
group. These dress well, but being often soft and 
sufficiently saline to take up moisture are not so good as some other rocks 
which are less easy to work. It is stated that these furnished the material 
used to raise the memorial obelisk on the battle-field of Chilian&la (com- 
monly called Chillian walla). 

A white sandstone, seen on the ascent from Pind-D&dan-KhdfHo Pid, 
just after leaving the plains, seemed likely to make a good and handsome 
building-stone. Many beds of the dolomitio sandstone group appeared 
also well fitted for use, though not likely to dress so well as the purple 
sandstones. 

The limestones of the carboniferous and nummulitio groups, and, 
indeed, some of the more regularly bedded triassic or jurassio lime- 
stones, would furnish excellent building materials. 

Putting aside the softer sandstones, and the more shaly or saline beds 
of any of the crab-divisions, there is hardly one group of rooks above the 
erit-mtarl in which durable and easily worked building-stone ‘could not be 
found, and a mixture of the many different-coloured stones procurable 
would form handsome ashler walls. Blocks of large size could be obtained 
from many of the sandstones of the dolomitio group No. 4, or from the 
formations containing limestone. The group No. 8 furnishes good flags, 
some of which have been used in the new fortified barracks at Rawal- 
pindi. Lime can be obtained from one or other of the formations almost 
everywhere. 

Although then la ao scarcity of strong building-stone, the buildan 
of the undent Salt Hang, temples (probably Buddhist) generally 
disregarded all others in favour of the oaloareous travertine found in many 
parts of the range. This, although brought from a distance, as erne in 
eome oases to have been preferred to nay material nearer at hand. This 
( S98 ) 



ECONOMIC RESOURCES : ORNAMENTAL STONES. #90 

light and porous stone was probably easily out while fresh, hardening 
to a certain extent on exposure. It is not, of course*, tabulated to 
retain fine sculpture or tracery, but it appears in exposed situations 
to haye withstood the action of all weathers yOnderfalj(y well. The 
block are rough and often mftOh decayed in plates, but btQl they retain 
Lhefr positions m tho body of the buildings, bqyag, periods, more closely 
bound together by caloareous infiltrations. The material at best is liable 
to decay (less so, perhaps, m the Salt Range climate than elsewhere), 
and from its porous nature can oppose little resistance to crushing force; 
hence it would be unsuitable for large mod&n works. 


Ornamental Stones. 

The variegated and banded concretionary limestone of the num- 
mulitic rooks on the plateau above the head of 

Vanegated limestone. _ _ _ , _ _ 

Sardi glen has been a good deal quarried for 
ornamental purposes. Knife-handles of various kinds and paper-weights 
are made of it, and the church of Shahpur is said to he flagged 
with it. When polished, the curved lammsB of the stone are plainly seen ; 
thin, purple, and yellowish or grey lines often simulating the structure 
of fossil wood. Some of this stone is also reported to have been use4 
in the construction of the houses of wealthy natives along the southern 
faee of the range and at a distance towards Lahore. The stone is also 
said to be found in one or two other places in the neighbourhood, but 
the exact localities could not be learned. 


Another stone used much in the same way as the variegated limestone 
_ _ is a partof the heematitio band at the base of the 

nummulitie limestone; portions of this when 
polished exhibit red, greenish, and white markings which often resemble 
sections of amygdaloid. 


The chert or flints of the limestone-beds, particularly of the 


Chert* 


nummulitie limestone, are used as ckakmth 
to procure fire, and the Sikhs ace reported to 


hare madegun*flints from them. 


( £99 ) 
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The bi-pyramidal quarts crystals either transparent, reddish, or 
more opaque, found in quantities in the gypsum 

Vin diamonds. 

of Mfiri salt-hill, are worked into necklaoesTby the 
natives, consequently those longer than usual or more regular are valued 
to some extent. The mine in which the best are said to occur was 
closed when MAri was visited. Dr. Jameson (Report, page 206) says 
they were also found in the rock-salt ; but this has not been confirmed 
by any recent observations. 

Some of the opaque salt is often turned or cut into ornamental 
fialt. utensils. 


Gypsum. 

The gypsum of the salt-marl exists in enormous quantities, and 
much smaller developments of the mineral are 

Qjpmm. 

to be found among some of the other groups, 
chiefly as selenite in the shaly beds associated with the coal. It is, 
generally speaking, a pure sulphate of lime, and the only uses to which 
it is known to be applied are for mixing in a powdered state with mortar 
(as mentioned by Dr. Fleming) ; some of the more compact varieties 
near Sardi are turned to form plates or other rude ornamental utensils. 
Rome use must, however, be made of the transparent variety, for it is 
reported to fetch Rs. 3-14 per maund at Lahore. 


Lavbndbb Clay. 

The lavender day-ash or decomposed rook found with the volcanic 

rock of NilawAn, &c., is used by the natives as 
lar. 

soap or to assist in washing. 


G AIWA. 

▲ small quantity of galena, in little nests and crystals, is found 
disseminated thn^|Jgh the dolo initio sandy rook 
CMal * > of the eteaqjM at the top of Karangli hOL 

Hen a tort of mine* some yaids jfclflNgHi* leads oat to the face of (he 

( »00 ) 
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cliff, cm which side it is inaccessible, and to enter it a descent of several 
feet has to be made by the help of a branching portion of# tree. 

The gtqena, when ejected, sells for R* 4 or 5 per tolah,* 
to be pounded up and used as Ihol for blackening thp eyes of the 
*«ln rta, who call it by the rather loosely-allied name straw. It ie 
also said to ooeU) in the same rook on tue right side of Khewra gorge, 
near a temple. (Dr. Fleming's Report, page 256.) 


Alum. 

The r^mufacture of alum is not now carried on in the Salt Range 
proper, but formerly alum was made at a place 
about two miles westward of Virgal, on the Son- 
Sakesar plateau, and also beneath Sakesar mountain, at the head of the 
Amb glen. In both these places the alum was obtained from the blaok 
shales at the base of the nummulitic limestone. It is probable that 
these would have answered the purpose in other places, but the experi- 
ment apparently has not been tried. 

Trans-Indus at K&lab&gh, and again in tbe valley of the pass of 
Chichfli, there are alum works in active operation, the shales being the 
same as those Cis-Indus. Interesting and detailed accounts of the manu- 
facture of the alum west of the Indus may be found in Dr. Jameson's 
(page 212) and Dr. Fleming's two reports (pages 522 and 885, respect- 
ively). The process appears to be the same everywhere, and is effected 
thus: 4 l*yer of brushwood (Tamarisk or Dodonma) is spread on the 
ground, on which are placed alternate layers, each about a foot thick, of 
alum-shale and brushwood. The heap so formed is ignited from below, 
and fresh layers of shales and brushwood are added above until a largo 
heap in a state of ignition is formed. This is left for several 
and when thoroughly roasted, the red burned shale or roi is lixiviated 


v Thii, from local Informttioa. 
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in vats with water. The eolation obtained is drawn off andi allowed to 
deposit any mud it may hold. This process is repeated, and then the 
liquid is boiled with an impure alkaline salt oalled jamian obtained by 
lixiviation from halier, the sulphate and carbonate of soda efflorescence 
so common in the country. It is afterwards allowed to settle and 
slowly crystallize, the crystals being removed, washed, dried, and melted 
in iron pans in their own water of crystallization ; the fluid is then 
transferred into earthen ovoid jars for eight or ten days to re-crystalhze ; 
after this time the mass, which is generally hollow, is tapped and the 
uncrystallized alum solution drained off, when the jars are broken and 
the alum is ready for sale. 

This account has been abbreviated from Dr. Fleming’s, which, on 
comparison, was found to possess bis general accuracy of observation. 

Kahi Mitti. 

A shale containing sulphate of iron and alumina, probably from the 
Chita W£n, near Ghari, in the Salt Range, is 

Kahi mitti. 

mentioned in Mr. Baden-Po well’s work already 
quoted. It is most likely that these shales are part of the soft alum 
shale group just below the nummulitic beds. At all events, some 
shales associated with the black alum-shales are said to contain 
silky crystals of anhydrous protosulphate of iron. The shale is 
pounded and mixed with the mother liquid from the crystallization 
of the alum, after which the mixture is allowed to dry in the sun 
and again treated in the same way, the substance thus obtained assumes 
a tawny yellow colour, and consists of a mixture of alum and sulphate 
of iron, the latter largely predominating. This is called kahi, and ia 
used in dying leather or cloth grey or black.* The black mud of 
the sulphurous springs in the Bakh ravine i l also used (in this way 
probably) by dyers* 

^ * <£ 

•Boomfe Rmoanm of the F*njfb» p. 07. Mr. Britan Powell (L e* p. 11) ghee 
the prim at f kUe 10 mashes to 10 tdabs pwApee. 
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ECONOMIC BSSOTECBS: GOLD. 


In Mr. Powell's book there ere several references to ochre it oft* the 
Salt Range, ft c. ; the only instance, however, in 
m * wbch the nse of any of the odueoue beds of t$W 

district came under notice was in the colouring cotton cloths of a dirty 

red, by soaking them in the muddy water of upon the red grouhd, 
formed of the flaggy and shaly grow No.lB, in the eastern part of the 
range, near Sadand, above Jutdaa. 


Gold. 

Gold is washed for in the Indus at Kflabfgb, sometimes also in the 
Bunhdr river bed at the other end of the range. 

Gold 

and in several small streams along its northern 
flanks ; the present source of the precious metal being the tertiary sand- 
stone formation, and apparently among the beds of the Lower Siwilik 
group. The process is not continuous, being only carried on after heavy 
falls of rain in the smaller streams, and in the Indus when floods 
permit. The amount realised can hardly be closely ascertained, for as 
the industry is taxed, it is the interest of the operators to conceal 
their gains. According to the best information obtainable, these fluc- 
tuate from 3 to 4 annas worth a day per man, this being generally 
thought rather above the average measure of success. 

Conclusion. 

I cannot conclude this record of the results of the examination of 
the Salt Range without acknowledging the valuable assistance received 
by tjie Officers of the Geological Survey, from the Fehtioal Officers of 
the Jhelam and Mdawili districts ; from the Salt Department Officer*— 
Mr. "Wright, Mr. Matthews, Dr. Warth, Mr. Hidde, Mr. Weldon, Iffy 
Bolster, and others ; as well as from Lieutenant DeWokki, BJt., oh 
duty connected with the Wire-rope tramway. 
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